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THE    INFLUENCE   OF    BORAX  AND    BORIC   ACID    UPON 
NUTRITION   WITH   SPECIAL  REFERENCE  TO 

PROTEID   METABOLISM. 

By  R.  H.  CHITTENDEN  and  WILLIAM  J.  GIES. 
\From  the  Sheffield  Laboratory  of  Physiolofi^ical  Chemistry^  Yale  University^ 

IN  view  of  the  wide-spread  use  of  borax  and  boric  acid  as  food  pre- 
servatives it  is  somewhat  singular  that  our  knowledge  of  the 
influence  of  these  substances  upon  the  nutritional  processes  of  the 
body  is  so  slight  and  uncertain.  E.  de  Cyon,^  M.  Gruber,^  and 
J.  Forster^  have  indeed  studied  the  action  of  these  agents  upon  pro- 
teid  metabolism,  but  with  results  which  are  utterly  lacking  in  har- 
mony. Thus  Cyon's  work  with  borax  seemingly  indicates  that  pro- 
teid  metabolism  is  diminished  under  its  influence,  /.  i\y  that  borax 
tends  to  protect  the  consumption  of  proteid  matter  in  the  tissues. 
Gruber's  experiments,  on  the  other  hand,  indicate  with  equal  posi- 
tiveness  that  borax  has  no  proteid  sparing  power,  but  really  leads  to 
an  increase  in  the  rate  of  proteid  metabolism.  To  add  to  the  uncer- 
tainty, the  experiments  with  boric  acid  carried  out  under  Forster's 
supervision  tend  to  show  that  this  agent  is  wholly  without  influence 
upon  proteid  metabolism.  Obviously,  conclusions  which  are  so  much 
at  variance  cannot  be  accepted  without  careful  consideration. 

*  Cyon:  Sur  Taction  physiologique  du  borax.  Comptes  rendus,  1878,  tome  87, 
p.  845. 

^  G ruber:  Ueber  den  Einfluss  des  Borax  auf  die  Eiweisszersctzung  im  Organ- 
ismus.     Zeitschr.  f.  Biol.,  1880,  Band  16,  p.  198. 

•  FoRSTER  :  Ueber  die  Verwendbarkeit  der  Borsaure  zur  Conservirung  von 
Nahrungsmitteln.  Nach  Versuchen  von  Dr.  G.  H.  Schlencker  aus  Surakarta. 
Archiv.  f.  Hygiene,  1884,  Band  2,  p.  75. 


I 


I 


2  R.  H.  Chittenden  and  William  /.  Gies. 

Cyon's  experiments  were  conducted  simultaneously  on  three  full- 
grown  dogs  which  were  fed  upon  a  diet  almost  exclusively  proteid. 
His  observations  were  practically  limited  to  determining  changes  in 
body-weight  during  short  periods,  with  an  estimation  of  the  nitrogen 
of  the  urine.  He  found  that  during  the  period  when  borax  was  in- 
cluded in  the  food,  the  animals  gained  noticeably  in  body-weight  and 
that  less  nitrogen  was  contained  in  the  excreta  than  in  the  ingesta. 
From  these  very  crude  observations  the  conclusion  was  drawn  that 
borax,  even  to  the  extent  of  12  grams  per  day,  may  be  ingested 
with  the  food,  especially  when  the  latter  is  essentially  proteid  in 
nature,  without  provoking  the  slightest  disturbance  in  general  nutri- 
tion. Further,  Cyon  appeared  to  see  in  his  results  evidence  that 
borax,  if  substituted  for  common  salt  in  food,  will  facilitate  the  assim- 
ilation of  the  latter  and  bring  about  a  great  increase  in  the  weight  of 
the  animal.  Such  deductions,  however,  were  wholly  unwarranted 
from  the  data  at  hand,  for  not  only  were  the  periods  of  observation 
exceedingly  short,  but,  as  pointed  out  by  both  Gruber  ^  and  C.  Voit,^ 
the  animals  at  the  beginning  were  much  emaciated  and  received 
throughout  the  experiment  such  excessive  quantities  of  meat  that  in- 
crease of  body-weight  would  have  inevitably  followed  without  the 
presence  of  borax.  Consequently,  all  that  can  be  inferred  legiti- 
mately from  Cyon's  experiments  is  that  assimilation  and  general  met- 
abolism were  not  seriously  affected  by  borax  in  the  quantities  given. 

In  Gruber's  work  more  scientific  methods  were  pursued,  but  it 
may  well  be  questioned  whether  the  conditions  under  which  the  ex- 
periments were  conducted  were  adapted  for  bringing  out  clearly  the 
full  action  of  borax  upon  proteid  metabolism.  The  two  dogs  em- 
ployed were  fed  simply  upon  meat  and  water,  and  were  presumably 
in  a  condition  of  nitrogenous  equilibrium.  In  the  first  experiment, 
where  the  animal  received  daily  1500  grams  of  meat  and  200  c.c.  of 
water,  the  daily  excretion  of  urea  in  the  urine  varied  from  75.82 
grams  to  110.30  grams  during  the  six  days  prior  to  the  administra- 
tion of  borax.  Then  20  grams  of  borax  were  introduced  with  the 
food,  an  amount  so  large  that  vomiting  was  at  once  produced,  lead- 
ing to  a  loss  of  about  5  grams  of  the  borax  and  about  100  grams 
of  the  meat,  with  most  of  the  water.  On  this  day,  however,  108.20 
grams  of  urea  were  excreted  in  the  urine,  although  the  food  con- 
sumed was  100  grams  less  than  the  usual  quantity.     On  the  two  fol- 

^  Gruber:  Ioc.  cit. 

*  VoxT :  Hermann's  Handbuch  der  Physiologie,  Band  6,  Theil  I,  p.  165. 
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lowing  days,  without  borax  and  with  the  full  complement  of  food, 
the  excretion  of  urea  amounted  to  109.00  and  107.60  grams  respec- 
tively. From  these  results  Gruber  concludes  that  the  borax  increased 
the  excretion  of  urea  4-6  per  cent.  In  the  second  experiment,  with 
a  dog  of  34  kilos  body- weight,  fed  on  a  daily  ration  of  1 100  grams 
of  meat  and  200  ex.  of  water,  the  daily  excretion  of  urea  varied 
from  70.86  grams  to  80.60  grams  for  the  four  days  of  the  normal 
period,  while  the  administration  of  10  grams  of  borax  was  accom- 
panied by  an  excretion  of  82.14  grams  of  urea,  and,  on  the  second 
day  following,  the  introduction  of  20  grams  of  borax  was  accompa- 
nied by  an  excretion  of  85.25  grams  of  urea.  Further,  on  this  latter 
day  the  volume  of  urine  rose  to  13 10  c.c,  while  the  largest  daily 
excretion  prior  to  this  day  was  1040  c.c.  Gruber,  therefore,  con- 
cludes that  borax  does  not  spare  proteid  as  Cyon  asserts,  but,  just  as 
in  the  case  of  common  salt,  sodium  sulphate,  and  other  neutral  salts, 
it  causes  an  increase  in  the  elimination  of  water  from  the  body  and 
induces  therewith  an  increased  proteid  catabolism.  It  is  not  to 
be  inferred  from  this  statement  that  there  is  simply  an  increased 
washing  out  of  urea  from  the  tissues,  for,  as  Voit^  has  pointed  out, 
the  amounts  of  urea  excreted  on  the  days  following  the  ingestion  of 
borax  simply  fall  back  to  the  neighborhood  of  the  average  for  the 
normal  period,  and  do  not  drop  below  that  average.  Gruber  also  con- 
cludes that  borax  has  no  unfavorable  influence  upon  the  assimilation 
of  food,  since  the  quantity  of  faeces,  their  content  of  solid  matter 
and  of  nitrogen  are  within  the  limits  of  the  normal  elimination  dur- 
ing periods  when  meat  alone  is  fed.  Further,  no  harmful  influence, 
even  after  the  ingestion  of  the  largest  dose  —  20  grams  —  was  to  be 
observed,  and  the  appetite  of  the  animal  was  found  to  be  undimin- 
ished on  the  days  following  that  upon  which  borax  was  given.  The 
objection  we  would  make  to  accepting  Gruber's  conclusions  in 
their  entirety  is  that  they  are  based  solely  upon  the  results  following 
the  administration  of  two  large  doses  of  borax,  10  and  20  grams, 
whereas,  to  our  mind,  longer  periods  with  a  dosage  of  borax  con- 
tinued for  several  days  in  succession  would  seemingly  render  the 
conditions  much  more  favorable  for  an  accurate  judgment  as  to  the 
character  of  the  influence  exerted  by  the  substance  on  tissue  changes. 
Further,  since  urea  alone  was  determined  in  the  urine,  possible  minor 
changes  connected  with  the  presence  of  the  salt  would  naturally  be 
overlooked.     Lastly,  we  are  inclined  to  the  view  that  it  is  extremely 

^  Voir:  loc.  cit.  p.  165. 
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hazardous  to  draw  such  sweeping  conclusions  from  one  or  two  single 
experiments  of  this  nature,  especially  where,  as  in  the  animal  body, 
individual  characteristics  not  infrequently  give  rise  to  exceptional  re- 
sults quite  foreign  to  those  ordinarily  obtainable. 

In  Forster's  work  with  boric  acid,  Dr.  Schlencker  experimented  on 
himself,  using  a  mixed  diet  and  taking  boric  acid  in  daily  doses  of 
1-3  grams.  Each  experiment  consisted  of  three  periods,  of  three 
days  each,  the  boric  acid  being  taken  in  the  middle  period.  The 
conclusions  arrived  at  were  that  proteid  metabolism  is  not  influenced, 
the  excretion  of  urea  in  the  boric-acid  period  being  midway  between 
that  of  the  fore  and  after  periods.  It  was  noticed,  however,  that  the 
quantity  of  ethereal  sulphuric  acid  in  the  urine  was  considerably 
lessened  in  the  boric-acid  period  and  in  the  period  following,  thus 
implying  an  inhibitory  influence  upon  the  putrefactive  processes  of 
the  intestine.  Further,  it  was  observed  that  the  volume  of  the  faeces, 
together  with  the  contained  nitrogen,  was  greatly  increased  under 
the  influence  of  boric  acid,  from  which  it  was  inferred  that  this  agent 
interferes  with  the  assimilation  of  the  food  and  perhaps,  at  the  same 
time,  gives  rise  to  an  increased  secretion  of  mucus  with  a  possible 
increase  in  the  discharge  of  epithelial  cells  from  the  intestinal  mucosa. 
This  latter,  however,  is  purely  conjectural.  Increased  secretion  of 
bile  is  also  said  to  result  from  the  action  of  boric  acid.  On  the  pulse 
and  temperature  no  action  was  observed. 

It  is  thus  quite  evident  that  the  influence  of  borax  and  boric  acid 
on  nutrition,  and  especially  their  influence  on  proteid  metabolism,  is 
by  no  means  wholly  settled.  The  preceding  statements  clearly  em- 
phasize the  uncertainty  of  our  present  information  on  the  more 
essential  features  of  the  question  before  us,  and  we  have  therefore 
deemed  it  desirable  to  carry  out,  as  thoroughly  as  possible,  a  series 
of  experiments  upon  the  action  of  both  borax  and  boric  acid  on  pro- 
teid metabolism  and  related  phases  of  nutrition. 

Conduct  of  the  Ezperiments.  —  The  experiments  were  conducted 
wholly  upon  full-grown  dogs  ranging  in  weight  from  8  to  12  kilos. 
The  animals  were  confined  in  suitable  cages  partially  lined  with  gal- 
vanized iron  and  with  the  floor  so  arranged  that  both  fluid  and  solid 
excreta  could  be  collected  in  their  entirety,  while  the  upper  portions 
of  the  cage  were  so  constructed  as  to  permit  unrestricted  circulation 
of  air.  In  view  of  the  length  of  the  experiments  —  ranging  from 
twenty-seven  to  fifty-six  days  each,  with  periods  of  eight  to  ten  days 
duration  —  it  seemed  inadvisable  as  well  as  unnecessary  to  empty  the 


Influence  of  Borax  and  Boric  Acid  upon  Nutrition.     5 

bladder  each  day  with  a  catheter.  Such  diurnal  variations  as  might 
possibly  occur  from  incomplete  emptying  of  the  bladder  at  the  end 
of  the  twenty-four  hours  would  obviously  be  neutralized  in  periods 
of  the  above  length,  and  consequently  the  urine  was  collected  as 
naturally  excreted,  thus  avoiding  any  possible  disturbance  of  the 
normal  condition  of  the  bladder,  etc.  At  the  end  of  each  twenty- 
four  hours,  the  urine  collected  was  combined,  and  its  volume,  specific 
gravity,  etc.,  determined,  after  which  the  bottom  of  the  cage  was 
rinsed  with  a  little  distilled  water  and  these  washings  added  to  the 
main  fluid.  The  latter  was  then  made  up  to  some  convenient  volume 
in  preparation  for  the  daily  analysis. 

The  faeces  whenever  passed  were  collected  in  a  weighed  dish,  the 
mass  thoroughly  desiccated  over  a  water-bath,  and  the  dry  weight 
ascertained.  The  dried  material  was  then  pulverized  and  the  nitro- 
gen-content as  well  as  the  ether-soluble  matter  determined  in  sample 
portions.  The  nitrogen  determinations  were  always  made  in  du- 
plicate by  the  Kjcldahl  method  and  rarely  varied  more  than  0.05  per 
cent.  Whenever,  as  sometimes  occurred,  hair  accumulated  in  the 
cage  it  was  likewise  collected  and  the  nitrogen  determined.  The 
ether-soluble  matter  was  determined  by  extraction  of  the  dried  faeces 
in  a  Soxhlet-apparatus. 

The  animals  were  fed  during  the  experiments  on  a  mixed  diet 
composed  of  fresh  lean  beef,  cracker  dust,  lard,  and  water.  The  meat 
was  prepared  as  follows :  fresh  lean  beef,  freed  as  far  as  possible  from 
all  adherent  fat  and  connective  tissue,  was  run  through  a  hashing 
machine,  after  which  it  was  enclosed  in  a  bag  of  thin  cloth,  placed 
under  a  heavy  press,  and  kept  there  under  increasing  pressure  for 
several  hours,  the  bloody  fluid  which  drained  off"  being  thrown  away. 
By  this  method  there  results  a  mass  of  tissue  free  from  surplus  mois- 
ture, and  which,  when  enclosed  in  a  bottle,  will  keep  perfectly  fresh 
on  ice  for  seven  to  ten  days  without  separation  of  fluid.  Several 
advantages  accrue  from  this  method.  Thus,  we  have  a  perfectly 
homogeneous  mixture  which  can  be  drawn  from  for  at  least  a  week 
with  surety  that  its  nitrogen-content  is  constant  There  is  therefore 
no  necessity  for  a  daily  determination  of  nitrogen  in  this  portion  of 
the  diet,  for  each  sample  can  be  analyzed  when  prepared  and  the 
data  accepted  as  long  as  the  meat  keeps  fresh.  Further,  meat  pre- 
pared in  this  manner  at  different  times,  if  subjected  to  essentially  the 
same  pressure,  varies  only  slightly  in  its  content  of  nitrogen.  We 
have  invariably  analyzed  each  lot  when  prepared  to  avoid  any  pos- 


6  R'  H,  Chittenden  and  William  J,  Gies, 

sibility  of  error,  but,  as  the  following  results  show,  the  differences  in 
composition  are  very  slight  and  necessitate  very  little  alteration  in 
the  proportion  of  meat  when  changing  from  one  lot  to  another.  The 
following  results  are  a  few  of  the  many  obtained : 


Weight  of  Meat. 

Absolute  Content  of 
Nitrogen. 

Percentage  of 
Nitrogen. 

1. 

0.8703  gram 

0.03(H1  gram 

3.49 

0.7710      " 

.02682      " 

3.48 

0.76.11      " 

.02628      " 

3.44 

2. 

0.7673  gram 

0.02716  gram 

3.54 

0.9228      " 

.03238      " 

3.51 

1.0591      " 

.03723      •* 

3.52 

3. 

0  8478  gram 

003015  gram 

3.56 

1.0014      " 

.03591       " 

3.59 

0.8876      " 

.03152      " 

3.55 

4. 

1.0082  gram 

0.03642  gram 

3.61 

1.0445      •* 

.03783      " 

3.62 

1.0803      •* 

.03%1      " 

3.67 

5. 

1.1977  gram 

0.(H265  gram 

3.56 

0.8142      " 

.02902      " 

3.56 

0.9793      •* 

.03463      " 

3.54 

The  carbohydrate  element  in  the  diet,  as  already  stated,  was 
supplied  by  commercial  cracker  dust.  This  was  purchased  in  large 
quantity  and  preserved  in  well  stoppered  bottles.  It  contained  on  an 
average  1.46  per  cent  of  nitrogen.  The  lard  employed  was  entirely 
free  from  any  recognizable  amount  of  nitrogen. 

The  daily  diet  was  divided  into  two  equal  portions,  one-half  being 
fed  at  8  A.  M.  and  the  other  half  at  6  P.  M.  When  borax  or  boric 
acid  was  given,  the  daily  dose  was  likewise  divided  and  given  either 
with  the  food  or  directly  after.  The  body-weight  of  the  animal  was 
taken  each  morning  just  before  feeding.  Each  day's  urine  included 
the  fluid  passed  from  8  A.  M.  to  8  A.  M.  of  the  next  day. 

Methods  of  ADalysis.  —  Nitrogen  was  determined  wholly  by  the 
Kjeldahl  method,  viz.,  in  the  daily  analyses  of  the  urine,  faeces,  and 
food  material.  All  analyses  were  made  in  duplicate,  and  the  figures 
given  are  based  upon  the  average  of  closely  agreeing  results.  In 
analysis  of  the  urine  5  c.c.  were  used  for  each  determination,  oxida- 
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tion  being  carried  out  in  a  long-necked  Kjeldahl  flask  with  10  c.c.  of 
sulphuric  acid  and  a  crystal  of  cupric  sulphate,  thus  doing  away 
with  the  necessity  of  adding  sodium  sulphide  in  the  distillation.  The 
ammonia  formed  was  distilled  into  quarter-normal  hydrochloric  acid, 
the  latter  being  titrated  with  quarter-normal  ammonia,  using  congo 
red  as  an  indicator. 

Sulphur  and  phosphorus  were  determined  in  the  customary 
manner  by  evaporating  a  given  volume  of  the  urine  —  25  c.c.  for 
each  determination  —  in  a  roomy  silver  crucible  with  10  grams  of 
pure  sodium  hydroxide  (made  from  the  metal)  and  2  grams  of 
potassium  nitrate,  igniting  the  residue  until  oxidation  was  complete 
and  treating  the  fused  mass  with  water.  For  sulphur,  the  mixture 
was  acidified  with  hydrochloric  acid,  evaporated  to  dryness,  the 
residue  moistened  with  a  few  drops  of  hydrochloric  acid  and 
dissolved  in  hot  water.  The  filtered  solution  was  then  precipitated 
in  the  usual  manner  with  barium  chloride,  the  resultant  barium 
sulphate  filtered,  ignited,  and  weighed,  thus  giving  data  for  calcula- 
tion of  the  total  sulphur.  For  phosphorus,  the  aqueous  extract  of 
the  oxidized  urine  was  acidified  with  nitric  acid,  evaporated  to 
dryness,  the  residue  moistened  with  nitric  acid  and  dissolved  in 
warm  water.  From  this  solution  the  phosphoric  acid  was  precipi- 
tated in  the  usual  manner  with  molybdic  solution  and  eventually 
transformed  into  ammonio-magnesium  phosphate.  From  the  weight 
of  magnesium  pyrophosphate  obtained,  the  total  phosphorus  of  the 
urine  was  calculated. 

Uric  acid  was  determined  by  the  well-known  Salkowski-Ludwig 
silver  method,  using  100-200  c.c.  of  urine. 

Phosphoric  acid  was  determined  by  Mercier*s  ^  modification  of  Neu- 
bauer's  method,  i.  e,  by  titration  of  50  c.c.  of  urine  with  a  standard 
solution  of  uranium  nitrate  and  tincture  of  cochineal  as  an  indicator. 

Total  sulphuric  acid  was  estimated  by  diluting  25  c.c.  of  urine  with 
3-4  volumes  of  water,  adding  5  c.c.  of  dilute  hydrochloric  acid, 
heating  to  boiling,  and  precipitating  hot  with  barium  chloride.  The 
barium  sulphate  so  obtained,  after  standing  twenty-four  hours  in  a 
warm  place,  was  washed  with  hot  water  until  free  from  chlorides  and 
lastly  with  hot  alcohol,  ignited,  and  weighed. 

Combined  sulphuric  acid  was  determined  by  Baumann's  method, 
using  100  c.c.  of  urine.^ 

^  See  Neubauer  und  VogePs  Analyse  des  Harns,  neunte  Auflage,  p.  450. 
^  Ibid.,  p.  447. 
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Chlorine  was  determined  in  lo  c.c.  of  urine  by  Neubauer  and 
Salkowski's  modification  of  Mohr's  method.^  Other  methods  occa- 
sionally made  use  of  are  referred  to  in  their  appropriate  place. 

First  Experiment.  With  Borax.  — The  animal  made  use  of  in  this 
experiment  was  a  short-haired  mongrel  bitch  weighing  about  12 
kilos.  She  was  brought  into  a  condition  approximating  to  nitro- 
genous equilibrium  only  after  a*  preliminary  period  of  nearly  three 
weeks,  during  which  time  superfluous  fat  was  lost  and  she  became 
wholly  accustomed  to  her  surroundings.  The  daily  food,  at  the  time 
the  experiment  actually  commenced,  consisted  of  250  grams  of  the 
prepared  meat,  70  grams  of  cracker  dust,  40  grams  of  lard,  and  500  c.c. 
of  water.  It  contained  9.814  grams  of  nitrogen.  This  diet,  with  the 
above  content  of  nitrogen,  was  adhered  to  throughout  the  entire 
experiment  of  twenty-seven  days,  the  only  variation  being  the  slight 
changes  in  the  amount  of  nitrogen,  to  be  seen  in  the  tables,  inci- 
dental to  the  use  of  different  lots  of  meat  and  in  the  employment  of 
gelatin  capsules  during  the  borax  period.  These  gelatin  capsules,  in 
which  the  borax  was  administered,  contained  14.95  P^^  cent  of 
nitrogen,  the  four  capsules  used  each  day  during  the  borax  period 
containing  0.12  gram  of  nitrogen.  This  amount  was  naturally 
included  in  the  nitrogen  of  the  food. 

The  experiment  extended  through  twenty-seven  days  and  was 
divided  into  three  periods  of  nine  days  each :  a  fore  or  normal  period 
during  which  no  borax  was  given,  a  borax  period  during  which  45 
grams  of  borax  (5  grams  a  day)  were  administered,  and  an  after 
period  when  normal  conditions  again  prevailed.  During  the  borax 
period  of  nine  days  the  quantity  of  borax  given  per  day  amounted 
to  nearly  0.6  per  cent  of  the  total  food  and  drink  ingested,  while  of 
the  solid  food  it  formed  1.3  per  cent.  This  dosage  of  borax,  consid- 
ering the  size  of  the  animal,  was  fairly  large,  and  with  this  particular 
dog  considerable  difficulty  was  experienced  in  inducing  the  animal 
to  take  it.  At  first  the  borax  was  simply  mixed  with  the  food,  but 
its  presence  was  quickly  detected  and  the  food  refused,  although  it 
was  eventually  coaxed  down,  but  with  some  difficulty.  After  this 
first  day  the  borax  was  given  in  capsules,  as  already  stated,  and  no 
further  difficulty  of  this  sort  was  experienced.  Three  times  during 
the  borax  period,  however,  the  animal  was  nauseated  and  vomited  a 
portion  of  the  food,  thus  showing  that  this  quantity  of  borax  was 
sufficient  to  disturb  the  physiological  equilibrium  of  the  animal. 
^  See  Neubauer  und  VogeFs  Analyse  des  Hams,  neunte  Auflage,  p.  437. 
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The  vomited  matter  was  eventually  eaten,  however,  later  in  the  day, 
so  that  this  occurrence  did  not  disturb  the  validity  of  the  experiment. 
It  will  be  remembered  that  in  Gruber's  experiment  with  a  much 
larger  dog  (39  kilos)  20  grams  of  borax  likewise  caused  vomiting. 
In  his  experiment,  however,  the  entire  dose  of  borax  was  taken  at 
one  time,  while  in  our  case,  2.5  grams  were  given  in  the  morning  and 
a  like  quantity  at  night.  Hence,  taking  into  account  the  weight  of 
the  dog,  it  might  perhaps  be  argued  that  0.25  gram  of  borax  to  i 
kilo  of  body-weight  will  produce  vomiting.  This,  however,  is  very 
questionable,  for  in  the  above  experiment  the  dog  did  not  vomit 
until  the  afternoon  of  December  5,  when  she  had  already  taken  12.5 
grams  of  borax.  In  other  words,  the  animal  was  without  doubt  suf- 
fering in  part  from  the  cumulative  action  of  the  salt.  Thus,  there 
was  a  slight  attack  of  vomiting  again  on  the  fifth  day  (December  7) 
and  a  final  attack  on  the  eighth  day  (December  10).  During  the 
after  period  of  nine  days  the  animal  was  perfectly  normal,  and  at 
the  close  of  the  period,  to  again  test  the  action  of  the  borax,  5  grams 
were  given  at  one  time  shortly  after  the  morning  meal.  Fort>--five 
minutes  afterwards  the  animal  vomited,  and  this  occurred  three  times 
during  the  forenoon.  We  are  inclined  to  lay  particular  emphasis 
upon  this  action  of  the  borax  because  it  tends  to  show  that  in  this 
first  experiment  the  dosage  of  borax  through  the  nine  days'  period 
was  as  large  as  it  well  could  be  for  this  particular  animal  without 
vitiating  the  experiment,  and  that  the  conditions  were  therefore  well 
adapted  for  bringing  out  distinctly  any  possible  influence  the  borax 
might  have  upon  the  metabolic  phenomena  of  the  body.  Further, 
we  would  call  attention  to  the  obvious  advantage  —  in  spite  of  the 
greater  labor  involved  —  of  continuing  experiments  of  this  character 
over  comparatively  long  periods  of  time.  To  be  sure,  in  some  cases 
where  the  substance  being  tested  has  a  marked  physiological  action, 
a  single  dose  may  show  at  once  the  character  of  the  influence  ex- 
erted, but  too  often  erroneous  conclusions  are  arrived  at  through 
negligence  of  this  precaution.  Where,  however,  the  substance  under 
examination  is  given  for  five  to  ten  days  consecutively,  with  careful 
examination  of  the  excreta,  the  chances  of  detecting  minor  influences 
are  greatly  increased,  and  at  the  same  time  the  danger  of  being  led 
astray  by  a  single  exceptional  result  —  or  by  other  possible  errors  — 
is  greatly  diminished. 

The  following  tables  contain  the  analytical  results  obtained  through- 
out the  experiment. 
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Referring  now  to  the  tables  containing  the  results  of  the  first 
experiment,  it  is  to  be  noted  that  in  the  fore  period  of  nine  days  the 
total  nitrogen  ingested  amounted  to  88.326  grams,  while  in  the  urine 
excreted  during  this  period  there  were  contained  87.185  grams  of 
nitrogen,  and  in  the  faeces  2.122  grams,  making  a  total  of  89.307 
grams  of  nitrogen ;  hence  the  nitrogen  balance  for  the  period  of 
nine  days  is  —  0.981  gram.  The  body-weight  remained  practically 
constant.  The  slight  excess  of  nitrogen  excreted  over  the  amount 
ingested  in  this  period  is  due.  possibly  to  lack  of  complete  involu- 
tion of  the  mammary  glands  ^ ;  the  deficiency,  however,  is  too  slight, 
considering  the  length  of  the  period,  to  need  much  consideration. 
For  comparison,  the  results  of  the  three  periods,  showing  the  rela- 
tive excretion  of  nitrogen,  may  be  arranged  in  tabular  form : 

Fore  Period.  Borax  Period.  After  Period. 

Nitrogen  of  Food 88.326  90.118  89.884 

Nitrogen  of  Urine 87.185  \  ^yvi  88127  I  92046  ^'^^^  \  90001 

Nitrogen  of  Faces       ....      2.122)  3.919)  3.624) 

Nitrogen  Balance      .     .     .  —0.981  —1.928  —0.117 

Ratio   of    Urine   Nitrogen    to 

Food  Nitrogen     ....      986  per  cent.  97.7  per  cent.  %.0  per  cent. 

It  is  thus  evident  that  in  this  experiment,  in  spite  of  the  large 
doses  of  borax  and  the  length  of  the  period,  proteid  metabolism  is 
not  modified  in  any  noticeable  degree.  The  amount  of  nitrogen 
eliminated  through  the  urine  in  proportion  to  the  nitrogen  of  the 
food,  during  the  borax  period,  differs  from  that  of  the  fore  period 
only  to  a  slight  extent,  and  this  difference  is  due  apparently  to  a 
diminished  assimilation  of  the  proteid  food.  The  change  in  the 
nitrogen  balance  of  the  borax  period  is  plainly  caused  by  a  slight 
increase  in  the  amount  of  faecal  nitrogen,  and  not  to  increased  meta- 
bolism, thus  indicating  that  the  borax  has  a  tendency  to  diminish 
somewhat  the  absorption  of  proteid  food,  or  possibly  leads  to  an 
increased  secretion  of  mucus.  When,  however,  the  nitrogen  of  the 
faeces  of  the  borax  period  is  compared  with  both  that  of  the  fore 
and  after  periods  the  increase  is  seen  to  be  so  slight  that  it  is  per- 
haps unwise  to  attach  much  importance  to  it.  Certainly  the  borax, 
though  given  in  doses  sufficiently  large  to  keep  the  animal  on  the 
verge  of  nausea,  did  not  in  this  experiment  interfere  greatly  with  the 

*  Marcuse:  Ueber  den  Nahrwerth  des  Caseins,  Pfliiger^s  Archiv.  f.  d.  ges. 
Physiol.,  1896,  Band  64,  p.  223. 
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digestion  of  any  of  the  food-stuflfs,  since  the  faeces  of  the  borax 
period  are  not  much  greater  in  amount  than  those  of  the  after 
period,  though  somewhat  larger  than  those  of  the  fore  period. 

The  weight  of  the  animal  during  the  twenty-seven  days'  period 
showed  a  tendency  to  rise  somewhat,  i,e,,  from  10.9  kilos  to  11.5 
kilos.  This,  however,  is  not  to  be  attributed  to  a  laying  on  of 
fat  nor  to  a  retention  of  nitrogenous  matter  by  the  body,  but  is 
the  result  simply  of  a  diminished  excretion  of  water  due  to  the 
presence  of  the  borax.  The  results  in  this  connection  are  in  direct 
opposition  to  those  obtained  by  Gruber  with  single  doses  of  borax. 
There  is  here  no  suggestion  whatever  of  an  increased  excretion  of 
water,  but  on  the  contrary,  a  very  marked  decrease.  Thus,  by  refer- 
ence to  the  accompanying  tables,  it  will  be  observed  that  during  the 
fore  period  the  total  volume  of  urine  excreted  amounted  to  5629  c.c. 
and  the  body-weight  remained  practically  constant,  /.  ^.,  10.9-11.0 
kilos.  During  the  borax  period,  however,  the  volume  of  urine  ex- 
creted fell  to  4981  c.c.  and  the  body-weight  gradually  rose  to  11.3 
kilos,  while  in  the  after  period  the  volume  of  urine  rose  to  5427  c.c. 
with  a  constant  body-weight  of  11.5  kilos.  It  is  thus  quite  clear  that 
borax  may  decidedly  check  the  output  of  water  through  the  kidneys, 
and  lead,  as  in  this  case,  to  its  retention  within  the  body. 

Very  noticeable  also,  in  this  experiment,  is  the  sudden  change  in 
the  specific  gravity  of  the  urine,  as  also  in  the  reaction  of  the  fluid, 
when  borax  is  given.  Thus,  in  the  fore  period  the  specific  gravity  of 
the  urine  stood  at  1017-1018,  but  at  the  opening  of  the  borax  period 
it  rose  at  once  to  1022-1027,  dropping  back,  however,  as  the  borax 
was  discontinued.  Similarly,  the  reaction  of  the  normal  urine  was 
acid  to  litmus,  but  on  exhibition  of  borax,  the  reaction  quickly 
changed  to  alkaline.  The  marked  rise  in  the  specific  gravity  of 
the  urine  during  the  borax  period  is  not  due  solely  to  diminished 
elimination  of  water  nor  to  increase  in  the  proportion  of  metabolic 
products,  but  mainly  to  the  borax  itself,  which  is  rapidly  eliminated 
through  the  urine.  We  have  not  made  any  special  trial  to  ascertain 
how  soon  the  borax  appears  in  the  urine  after  its  administration,  but 
we  have  observed  that  the  urine  collected  on  the  first  day  of  the 
borax  period  gives,  after  acidulation  with  hydrochloric  acid,  a  strong 
reaction  with  turmeric  paper  for  boric  acid.  Further,  that  the  elimi- 
nation of  borax  through  the  urine  is  very  rapid  is  manifest  from  the 
fact  that,  at  the  end  of  the  borax  period,  the  animal  having  received 
45  grams  of  the  salt,  no  trace  of  a  reaction  could  be  obtained  with 
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turmeric  paper  on  the  second  day  of  the  after  period.  In  other 
words,  elimination  of  the  borax  was  practically  complete  twenty-four 
to  thirt>'-six  hours  after  the  last  dose  had  been  taken.  These  obser- 
vations accord  with  Johnson's  statements  ^  that  borax  and  boric  acid 
begin  to  be  eliminated  through  the  urine  a  short  time  after  their 
administration. 

While  it  is  clear  from  a  study  of  the  nitrogen  excretion  that 
proteid  metabolism,  under  the  conditions  of  this  experiment,  is  not 
materially  affected  by  borax,  the  other  analytical  results  must  not 
be  overlooked.  Thus,  in  the  borax  period  the  excretion  of  phos- 
phorus, sulphur,  total  sulphuric  acid,  and  combined  sulphuric  acid 
is  slightly  below  that  of  the  fore  and  after  periods.  The  differ- 
ences, however,  are  so  small  that  it  is  perhaps  unwise  to  draw  any 
positive  conclusions  from  them,  other  than  to  admit  their  negative 
character.  It  can  certainly  be  asserted  with  perfect  safety  that  the 
borax  has  failed  to  exert  any  marked  influence  upon  the  excretion 
of  cither  sulphur  or  phosphorus.  In  this  connection  it  will  be 
remembered  that  Forster*  found,  on  feeding  boric  acid  to  man,  a 
marked  increase  in  the  output  of  phosphoric  acid.  Borax,  how- 
ever, certainly  fails  to  produce  any  such  result,  its  presence  in  the 
body  (of  the  dog)  tending  on  the  other  hand  to  reduce  the  output 
of  phosphorus.  Further,  it  is  evident  that  the  slight  diminution  in 
the  excretion  of  combined  sulphuric  acid  is  not  sufficient  to  indicate 
any  inhibitory  influence  upon  intestinal  putrefaction.  Lastly,  the 
figures  obtained  in  connection  with  uric  acid  are  such  as  to  indicate 
a  purely  negative  action. 

Second  Xbcperiment.  "With  Borio  Aoid.  — The  animal  experimented 
on  was  a  short-haired  mongrel  bitch  weighing  8  kilos.  Nitrogenous 
equilibrium  was  quickly  established  on  a  daily  diet  composed  of  i6o 
grams  of  the  prepared  meat,  40  grams  of  cracker  dust,  30  grams  of 
lard,  and  400  c.c.  of  water.  This  diet  contained  6.144  grams  of  nitro- 
gen and  was  practically  adhered  to  throughout  the  experiment.  The 
latter  was  of  thirty  days'  duration,  /.  e„  three  periods  often  days  each. 
During  the  middle,  or  boric  acid  period,  1-2  grams  of  boric  acid 
were  given  daily  mixed  with  the  food,  the  animal  taking  it  without 

^  Johnson*:  Uebcr  die  Auajichcidunjc  von  Horsaure  und  Borax  ausdem  mensch- 
lichen  Organismus.  Jahre5»bcricht  f.  Thiirrchcmle,  1885,  p.  235.  See  also,  Vigier: 
Note  pr^liminaire  sur  Faction  phy»iologique  du  borate  de  soude.  Comptes  rendus 
soc.  de  Biol.     Paris,  1883,  p.  44. 

»  FORSTER :  Archiv.  f .  f f ygicnc,  1884,  Band  2,  p.  75. 
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the  slightest  reluctance  and  without  any  apparent  effect  upon  the 
appetite.  No  sign  of  nausea  or  vomiting  was  seen.  With  2  grams 
of  boric  acid  per  day  the  mixture  of  food  and  drink  contained  0.31 
per  cent,  while  the  dry  food  contained  0.86  per  cent  of  boric 
acid.  The  total  amount  of  boric  acid  given  during  the  ten  days 
was  14.5  grams. 

During  the  fore  period  of  ten  days  the  animal  received  a  total  of 
61.440  grams  of  nitrogen.  The  nitrogen  excreted  through  the  urine 
for  this  period  amounted  to  58.119  grams,  while  the  faeces  contained 
3.203  grams,  thus  making  a  total  of  61.322  grams  of  nitrogen  excreted, 
with  a  nitrogen  balance  of  -f  0.118  gram.  Plainly,  the  animal  was 
in  a  condition  of  nitrogenous  equilibrium. 

The  relative  excretion  of  nitrogen  for  the  three  periods  may  be 
seen  in  the  following  table : 

/•ore  Period.  Boric  Acid  Period,  After  Period. 

Nitrogen  of  Food 61.440  62.032  61.943 

Nitrogen  of  Urine 58.119  .  ^1.322  "'^  [  63.538  •^8-979  (  ^^^ 

Nitrogen  of  Faeces 3.203  >  3.938  »  3.944  > 

Nitrogen  Balance     .    .    .  -f  0.118  —1.506  —0980 

Ratio   of    Urine    Nitrogen    to 

Food  Nitrogen    ....      94.5  per  cent.  96.7  per  cent.  95.2  per  cent. 

From  these  figures  it  would  appear  that  there  is  a  slight  tendency 
toward  stimulation  of  proteid  metabolism.  When  it  is  remembered, 
however,  that  the  nitrogen  balance  for  the  boric  acid  period,  —1.506, 
is  the  result  of  ten  days'  consecutive  feeding  with  boric  acid,  it  is 
manifest  that  the  stimulating  action  is  very  slight,  and  our  results 
may  perhaps  be  considered  as  practically  in  accord  with  those 
reported  by  Forster,  who  found  that  in  man  on  a  mixed  diet,  boric 
acid  in  moderate  doses  (1-3  grams)  was  without  influence  on  proteid 
decomposition  as  measured  by  the  excretion  of  urea.  Upon  the 
assimiladon  of  the  proteid  food  there  is  no  evidence  of  any  action, 
/.  r.,  the  nitrogen  content  of  the  faeces  during  the  boric  acid  period 
is  essentially  the  same  as  that  of  the  fore  and  after  periods.  Further, 
the  total  weight  of  faeces  for  each  of  the  three  periods  is  so  nearly 
the  same,  it  is  quite  evident  that  assimilation  has  not  been  materially 
interfered  with.  In  this  respect  our  results  fail  to  agree  with  those 
reported  by  Forster,  who  found  that  small  doses  of  boric  acid  (i  gram 
in  two  days)  given  to  a  man  on  a  mixed  diet,  and  on  a  milk  and  egg 

diet,    increased   the   excretion   of  faeces;    this    increase   being   due, 
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according  to  Forster,  not  to  any  decrease  in  the  assimilation  of  fat 
nor  to  increase  in  the  volume  of  the  secretions,  but  to  a  decreased 
assimilation  of  the  proteid  food  under  the  influence  of  the  boric  acid. 
This  difference  in  our  results  may  of  course  depend  upon  the  differ- 
ence in  the  character  of  the  animal  species.  In  our  experiment,  the 
weight  of  the  animal  remained  perfectly  constant  throughout  the 
entire  period  of  thirty  days. 

The  accompanying  tables  contain  the  various  data  obtained. 

Unlike  borax,  boric  acid  fails  to  produce  any  change  in  the  volume 
of  the  urine.  Thus,  in  the  fore  period  of  ten  days  the  total  volume 
excreted  amounted  to  4647  c.c,  while  in  the  boric  acid  period  of  the 
same  length  the  total  volume  was  4665  c.c,  and  in  the  after  period 
4644  c.c.  Further,  there  is  no  marked  difference,  to  be  measured 
by  litmus  paper,  in  the  reaction  of  the  fluid,  although,  as  the  tables 
show,  alkaline  reaction  is  more  common  in  the  normal  periods  than 
in  the  boric  acid  period.  In  the  latter  period,  however,  the  specific 
gravity  of  the  urine,  as  might  be  expected,  shows  a  higher  average 
than  in  the  two  normal  periods.  This  is  due,  as  in  the  case  of  borax, 
to  the  rapid  elimination  of  the  boric  acid  through  the  urine.  The 
latter  shows  the  presence  of  the  acid  by  the  turmeric  test  on  the 
first  day  of  the  boric  acid  period,  while  on  the  second  day  of 
the  after  period  all  trace  of  a  reaction  disappears,  thus  showing  that 
the  acid  is  rapidly  eliminated  from  the  body  and  is  practically  com- 
pletely removed  twenty-four  to  thirty-six  hours  after  the  last  dose. 

Upon  the  elimination  of  uric  acid,  boric  acid  appears  to  have  a 
slight  inhibitory  effect,  at  least  under  the  conditions  of  this  experi- 
ment, but  upon  the  excretion  of  total  and  combined  sulphuric  acid, 
chlorine  and  phosphoric  acid,  no  tangible  effect  is  produced.  Cer- 
tainly, the  results  in  connection  with  combined  sulphuric  acid  do  not 
indicate  any  retarding  effect  upon  the  putrefactive  processes  of  the 
intestine.  In  this  connection  it  will  be  remembered  that  in  Forster's 
experiments  on  man  doses  of  boric  acid,  corresponding  to  those  used 
by  us,  apparently  gave  rise  to  a  marked  retardation  in  the  amount  of 
ethereal  sulphate  excreted.  As  a  result,  Forster  arrived  at  the  con- 
clusion that  boric  acid  materially  reduces  intestinal  putrefaction.  Our 
results,  however,  show  no  action  of  this  kind  in  the  dog,  and  we  are 
inclined  to  the  view  that  both  borax  and  boric  acid  are  too  rapidly 
eliminated  from  the  system  to  be  very  effective  in  the  intestine.  As 
already  stated,  the  elimination  of  borax  and  boric  acid  through  the 
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urine  commences  almost  immediately  after  their  ingestion,  and  it  is 
very  questionable,  therefore,  whether,  with  moderate  doses  of  these 
substances,  enough  would  remain  unabsorbed  at  the  lower  end  of  the 
small  intestine  to  exert  much  influence  upon  the  growth  and  develop- 
ment of  micro-organisms.  Certainly,  the  faeces  do  not  ordinarily 
contain  any  appreciable  amount  of  borax  or  boric  acid  after  these 
substances  have  been  administered  in  moderate  quantities,  although 
obviously  the  length  of  time  the  faeces  are  forming  will  have  some 
influence  upon  their  content  of  soluble  matter.  In  only  one  instance, 
to  be  detailed  later,  where  a  very  large  dose  of  borax  was  given, 
could  any  decided  reaction  for  boric  acid  be  obtained  in  the  faeces. 
Johnson  ^  states  that  in  the  case  of  the  human  organism  borax  and 
boric  acid  show  great  irregularity  in  their  appearance  in  the  faeces,  and 
that  he  was  able  to  detect  them  in  the  latter  only  in  six  cases  out  of 
fourteen,  although  daily  doses  of  0.9-3.0  grams  of  boric  acid  were 
given. 

Lastly,  it  is  to  be  noted  that  in  our  experiment  with  boric  acid 
there  is  no  such  increase  in  the  excretion  of  phosphoric  acid  through 
the  urine  as  was  observed  by  Forster ;  our  results,  indeed,  fail  to  show 
any  distinct  influence  exerted  by  boric  acid  upon  the  metabolism  of 
phosphorized  matter. 

Third  Bxperiment.  With  Borax  and  Boric  Acid. —  This  experiment 
was  divided  into  seven  periods  of  eight  days  each,  thus  making  a 
total  of  fifty-six  consecutive  days  during  which  the  variations  in  the 
composition  of  the  urine  and  faeces  were  followed  as  before,  under 
the  influence  of  both  borax  and  boric  acid.  The  object  in  extending 
the  experiment  through  this  lengthy  period  was  to  ascertain  whether 
prolonged  treatment  with  borax  and  boric  acid  might  not  eventually 
result  in  such  a  disturbance  of  physiological  equilibrium  that  more 
positive  data  would  be  obtained.  With  this  end  in  view,  a  mongrel 
bitch  of  ten  kilos  body-weight  was  brought  into  nitrogenous  equilib- 
rium, after  which  the  urine  and  faeces  were  analyzed  for  eight  consec- 
utive days,  /.  e,y  the  fore  period.  Borax  was  then  given  with  the  food 
for  eight  days,  making  the  first  borax  period.  This  was  followed  by 
another  period  of  eight  days  during  which  neither  borax  nor  boric 
acid  were  administered,  after  which  came  a  third  period  of  eight  days 
when  boric  acid  was  fed.  This,  in  turn,  was  succeeded  by  a  normal 
period  of  equal  length,  followed  by  eight  days  of  borax  treatment  — 

*  Johnson:    Ueber  die  Ausscheidung  von    Borsaure    und    Borax  aus  dem 
menschlichen  Organismus.     Jahresbericht  f.  Thierchemie,  1885,  p.  235. 
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the  second  borax  period  —  concluding  with  a  final  after  period  of 
eight  days,  i,  c,  a  total  of  fifty-six  days.  By  thus  keeping  the  same 
animal  under  continuous  observation  for  this  length  of  time  it  might 
reasonably  be  expected  that  any  cumulative  action  —  assuming  it  to 
exist — would  be  clearly  manifest.  Further,  considerably  larger 
daily  doses  of  borax  and  boric  acid  were  administered  than  in  the 
preceding  experiments. 

The  daily  diet  made  use  of  throughout  the  entire  experiment 
consisted  of  i6o  grams  of  the  prepared  meat,  40  grams  of  cracker 
dust,  30  grams  of  lard,  and  430  c.c.  of  water.  Its  exact  content  of 
nitrogen  is  shown  in  the  table  of  the  fore  period.  The  total  amount 
of  nitrogen  ingested  during  the  fore  period  was  52.163  grams.  The 
amount  excreted  during  the  same  period  was  51.734  grams,  thus 
showing  a  nitrogen  balance  for  the  eight  normal  days  of  +0.429  grams. 
The  dog  used  in  this  experiment,  although  short-haired,  lost  consid- 
erable hair  daily.  This  was  therefore  collected  and  at  the  end  of 
each  period  its  content  of  nitrogen  was  determined  and  the  amount 
added  to  the  nitrogen  of  the  urine  and  faeces,  as  seen  in  the  accom- 
panying tables.  It  is  interesting  to  note  in  this  connection  that  the 
loss  of  hair  in  periods  of  eight  days'  duration  may  be  considerable; 
so  large,  indeed,  that  an  appreciable  loss  of  nitrogen  may  result. 
Thus,  in  the  seven  periods  of  this  experiment  the  total  amount  of 
hair  shed  was  61.98  grams,  i,  r.,  8-10  grams  for  each  period,  the 
total  nitrogen  thrown  off  in  this  manner  amounting  to  7.856  grams. 
These  figures  show  that  the  hair  shed  contained  12.6  per  cent  of 
nitrogen.  Obviously,  in  careful  experiments,  this  source  of  loss 
carinot  be  overlooked. 

In  the  first  borax  period  of  eight  days  the  daily  dose  of  borax 
ranged  from  2  to  5  grams,  the  total  amount  administered  being  32.5 
grams.  In  the  following  boric  acid  period  the  daily  dose  ranged 
from  I  to  3  grams,  a  total  of  17  grams  of  boric  acid  being  given. 
On  commencing  the  second  borax  period  the  daily  dose  of  borax  was 
placed  at  10  grams.  This  was  continued  for  two  days,  but  on  the 
third  day  after  taking  the  morning  dose  of  5  grams  the  animal's  ap- 
petite began  to  fail  so  that  it  became  necessary  to  coax  her  consid- 
erably in  order  to  have  the  day's  ration  consumed.  On  this  day, 
therefore,  only  5  grams  were  given,  but  on  the  following  day  the 
appetite  was  nearly  normal  and  6  grams  of  borax  were  given.  The 
dose  was  then  raised  to  10  and  8  grams  daily,  as  shown  in  the  tables, 
a  total  of  64  grams  of  borax  being  given  in  this  period  of  eight  days. 
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Throughout  the  entire  experiment  of  fifty-six  days  the  animal  re- 
mained perfectly  well,  kept  a  fairly  constant  body-weight,  and  showed 
no  symptoms  of  nausea  or  vomiting  during  the  administration  of 
either  borax  or  boric  acid.  The  only  noticeable  effect  was  a  seem- 
ing loss  of  appetite  on  one  day,  as  mentioned  above.  At  the  termi- 
nation of  the  final  after  period,  a  single  dose  of  5  grams  of  boric  acid 
was  given.     This  resulted  in  vomiting  4-5  hours  afterward. 

The  relative  excretion  of  nitrogen  for  the  seven  periods  is  shown  in 
the  following  table : 


1. 


2. 


3. 


Fore  Period. 

First  Borax  Period, 

First  After  Period. 

Nitrogen  of  Food    .... 
Nitrogen  of  Urine    .... 
Nitrogen  of  Faeces  .... 
Nitrogen  of  Hair     .... 

52.16.3 
49.093  ) 
1.417  \  51.734 
1.224  ) 

-f  0.429 

50.885 
48.324  > 
2.176  r  51.686 
1.186) 

50.995 
47.430  ) 
1.845  \  50.334 
1.059) 

Nitrogen  Balance .    .     . 

—  0.801 

+  a661 

Ratio  of  Urine  and  Hair  Ni- 
trogen to  Food  Nitrogen  . 

%.4  per  cent. 

97.2  per  cent. 

95.0  per  cent. 

4. 
Boric  Acid  Period. 

5. 
Second  After  Period. 

6. 
Second  Borax  Period. 

Nitrogen  of  Food     .... 
Nitrogen  of  Urine   .... 
Nitrogen  of  Faeces  .... 
Nitrogen  of  Hair     .... 

51.200 
45.939  ) 
1.822  [-  49.026 
1265) 

-f  2.174 

51.252 
46.438) 
1.465  ;-  49.130 
1.227) 

51.154 
52363) 
2.737  \  56.032 
0.932  ) 

Nitrogen  Balance .     .    . 

+  2.122 

—  4.878 

Ratio  of  Urine  and  Hair  Ni- 
trogen to  Food  Nitrogen  . 

92.2  per  cent. 

93.0  per  cent. 

104.1  per  cent. 

7. 
Third  After  Period. 

Nitrogen  of  Food 51.169 

Nitrogen  of  Urine 48.778) 

Nitrogen  of  Faeces 2,089  r  51.830 

Nitrogen  of  Hair 0.963  ) 


Nitrogen  Balance  .     .     .     . 

Ratio  of  Urine  and  Hair  Nitro- 
gen to  Food  Nitrogen    .     . 


—  0.661 


97.2  per  cent. 


In  the  first  borax  period  of  eight  days  with  a  total  consumption  of 
32.5  grams  of  borax,  i.  e.,  an  average  of  4  grams  per  day,  there  is 
practically  no  change  in  the  rate  of  proteid  metabolism.  There  is, 
however,  a  slight  rise  in  the  amount  of  faecal  nitrogen  similar  to  that 
noticed   in  the  first  experiment  with  borax,  by  which  the  nitrogen 
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balance  is  somewhat  changed,  but  there  is  plainly  no  effect  produced 
on  proteid  metabolism.  In  the  second  borax  period,  on  the  other 
hand,  there  is  evidence  for  the  first  time  of  a  distinct  and  unquestion- 
able influence  upon  proteid  metabolism.  In  this  period  of  eight 
days  64  grams  of  borax  were  administered,  and  under  its  influence  the 
excretion  of  nitrogen  through  the  urine  was  greatly  increased.  As  in 
the  other  experiments,  the  proportion  of  nitrogen  in  the  faeces  was 
likewise  increased,  implying  decreased  assimilation  of  proteid  food, 
but  the  nitrogen  balance  of—  4.878  is  mainly  due  to  direct  stimulation 
of  proteid  metabolism.  When,  however,  it  is  considered  that  to  ac- 
complish this  result  a  daily  dose  of  8  grams  of  borax  was  required, 
and  for  eight  consecutive  days,  with  a  dog  weighing  only  10  kilos, 
it  is  very  plain  that  proteid  metabolism  is  not  readily  affected  by 
borax. 

In  the  boric  acid  period  of  eight  days,  with  a  total  dosage  of  17 
grams  of  the  acid,  there  is  some  evidence  of  diminished  proteid  meta- 
bolism. The  excretion  of  nitrogen  through  the  urine  is  certainly 
diminished ;  there  appears  to  be  a  sparing  of  proteid,  but  it  is  to  be 
noticed  that,  in  the  period  following,  the  nitrogen  balance  remains 
unaltered,  which  fact  casts  some  doubt  upon  the  assumption  that  the 
result  is  due  solely  to  the  acid.  It  is  of  course  possible  that  the 
action  of  the  boric  acid  may  be  continued  into  the  after  period,  but 
this  we  should  hardly  expect  in  view  of  the  rapid  elimination  of  boric 
acid  from  the  system.  Further,  after  the  second  borax  period,  where 
the  nitrogen  balance  is  so  noticeably  disturbed,  there  is  a  quick  return 
to  the  normal,  the  nitrogen  balance  for  the  final  period  dropping 
back  to  — 0.661.  Consequently,  while  the  analytical  data  show  a 
retention  of  nitrogen  during  the  boric  acid  period,  thus  indicating 
diminished  proteid  metabolism,  we  feel  some  hesitation  in  attributing 
the  result  wholly  to  the  boric  acid,  particularly  as  the  earlier  experi- 
ment with  boric  acid  gave  essentially  negative  results. 

Especially  noticeable  in  this  experiment,  as  in  the  earlier  experi- 
ment with  borax,  is  the  action  of  the  latter  agent  in  reducing  the 
volume  of  the  urine.  [See  table  showing  general  summary.]  In 
both  borax  periods  the  total  volume  of  urine  excreted  is  distinctly 
reduced,  and  the  same  holds  true  in  this  experiment  with  the  boric 
acid.  It  is  quite  probable  that  the  somewhat  larger  daily  dose  of 
boric  acid  made  use  of  in  the  present  experiment  is  responsible  for 
this  result,  although  it  is  possible  of  course  that  the  personality  of  the 
animal  may  have  had  some  influence.     In  the  previous  experiment 
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with  boric  acid,  where  the  maximum  daily  dose  was  2  grams,  the  vol- 
ume of  the  urine  was  unaltered.  In  view  of  these  facts  it  is  perhaps 
proper  to  consider  the  larger  dosage  of  boric  acid  used  in  the  present 
experiment  as  responsible  for  the  apparent  action  upon  proteid 
metabolism  likewise. 

Also  noticeable  in  this  experiment  is  the  influence  of  the  larger 
doses  of  borax  upon  the  excretion  of  total  and  combined  sulphuric 
acid.  Both  of  these  are  distinctly  increased  in  amount  during  the 
last  borax  period,  in  harmony  with  the  increase  in  proteid  metabol- 
ism, and  there  is  a  suggestion  of  the  same  influence  in  the  first  borax 
period.  Moreover,  in  the  last  borax  period  the  excretion  of  phos- 
phoric acid  is  noticeably  increased,  while  the  elimination  of  uric  acid 
is  slightly  diminished.  It  is  thus  plainly  evident,  as  already  stated, 
that  while  moderate  doses  of  borax,  even  long-continued,  are  without 
influence  upon  the  nutritional  processes  of  the  body,  large  doses  may 
distinctly  increase  the  rate  of  prDteid  metabolism,  giving  rise  not 
only  to  an  increased  excretion  of  nitrogen,  but  also  of  sulphuric 
acid  and  phosphoric  acid. 

In  all  of  these  experiments  with  borax  there  is  constant  evidence 
of  an  increase  in  the  weight  of  the  faeces  during  the  borax  periods. 
This  increase  in  weight  is  due  in  part  to  an  increased  output  of  nitro- 
genous matter  through  this  channel,  but  whether  the  latter  is  caused 
by  diminished  digestion  and  absorption  of  the  proteid  food  or  to  a 
stimulation  of  the  mucous  or  other  secretions  from  the  gastro- intesti- 
nal tract  is  not  so  clear.  It  has  been  plainly  shown,  however,  in 
another  connection^  that  while  borax  in  moderate  quantities  has  no 
inhibitory  action  whatever  on  either  gastric  or  pancreatic  digestion  of 
proteids,  larger  proportions  do  retard  the  proteolytic  action  of  both 
digestive  fluids.  Further,  retardation  of  proteolysis  with  borax  is 
much  more  pronounced  than  with  boric  acid ;  hence  it  seems  quite 
probable  that  the  increased  bulk  of  faices  and  the  higher  content  of 
nitrogen  therein  during  the  borax  periods  is  due  mainly  to  slight 
retardation  in  the  assimilation  of  proteid  food. 

I^rge  amounts  of  borax  likewise  interfere  with  the  assimilation  of 
fatty  foods ;  a  statement  which  does  not  appear  to  be  true  of  boric 
acid.  In  the  accompanying  table  [page  37]  are  given  the  results  of 
our  analyses  of  the  dry  faeces,  from  a  study  of  which  it  is  plain  that 
under  the  influence  of  large  doses  of  borax  —  first  and  second  borax 

*  Chittenden:  Influence  of  Borax  and  Boric  Acid  on  Digestion.  Dietetic  and 
Hygienic  Gazette,  1893,  vol.  9,  p.  25. 
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periods  of  experiment  third — both  the  total  and  percentage  amounts 
of  ether-soluble  matter  in  the  faeces  are  greatly  increased.  Boric 
acid,  on  the  other  hand,  produces  no  such  effect.  In  the  first  exper- 
iment, with  borax,  the  evidence  of  decreased  fat  absorption  is  less 
pronounced,  although  both  the  dosage  of  borax  and  the  amount  of 
fat  fed  were  greater  than  in  the  first  borax  period  of  experiment 
third.  Quite  possibly  this  apparent  difference  in  action  may  be  due 
to  the  personality  of  the  animal.  However  this  may  be,  it  is  plain 
that  large  doses  of  borax  are  prone  to  increase  somewhat  the  bulk 
of  the  faiccs,  in  part  by  diminishing  slightly  the  assimilation  of  both 
proteid  and  fatty  food,  and  in  part,  we  think,  through  a  tendency  to 
increase  the  secretion  of  mucus.  Thus,  we  observed  in  the  last  ex- 
periment, during  the  period  when  the  largest  doses  of  borax  were 
given,  that  the  faeces  were  more  slimy  than  in  the  normal  periods,  and 
appeared  to  contain  more  mucus  than  ordinarily.  Further,  it  is  to 
be  noted  that  under  the  influence  of  large  doses  of  borax  there  is  a 
tendency  toward  diarrhcea ;  not  very  marked  to  be  sure,  but  sufficient 
to  render  the  discharge  of  faeces  somewhat  watery. 

In  spite  of  these  evidences  of  minor  action  in  the  intestinal  tract 
with  large  doses  of  borax,  there  is  no  evidence  whatever  of  any  in- 
fluence exerted  upon  intestinal  putrefaction,  either  by  borax  or  boric 
acid.  Even  with  the  largest  doses  of  borax  the  combined  sulphuric 
acid  of  the  urine  is  raised  rather  than  lowered,  and  careful  examina- 
tion of  the  urine  daily  with  Jaffe's  indoxyl  test  failed  to  reveal  any 
indications  pointing  to  an  inhibitory  influence  exerted  by  either 
borax  or  boric  acid  upon  the  production  of  indican.  If,  however, 
one  studies  carefully  the  output  of  combined  sulphuric  acid  as  shown 
in  the  various  tables  it  will  be  noticed  that  the  highest  figures  are 
generally  obtained  on  the  day  (or  the  day  preceding  that)  on  which 
the  dog  defecates;  while  after  defecation  the  combined  sulphuric  acid 
of  the  urine  falls  at  once.  In  other  words,  the  natural  obstruction  of 
the^  intestine  favors,  as  is  well  known,  the  absorption  of  putrefactive 
products,  and  thus  leads  to  an  increase  of  combined  sulphuric  acid  in 
the  urine.  When,  on  the  other  hand,  defecation  occurs,  the  com- 
bined sulphuric  acid  of  the  urine  is  at  once  diminished  in  amount. 
Upon  these  natural  fluctuations  of  combined  sulphuric  acid  even  the 
largest  doses  of  borax  and  boric  acid  are  without  effect,  not  because 
these  agents  are  without  influence  upon  micro-organisms,  but  because 
they  are  too  rapidly  and  completely  absorbed  from  the  intestine  to 
exert  much  influence  upon  intestinal  putrefaction.     In  only  one  in- 
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stance  were  we  able  to  detect  any  boric  acid  in  the  faeces,  viz.,  on 
June  5th,  at  a  time  when  the  largest  doses  of  borax  were  being  given ; 
and  at  the  close  of  this  period  the  boric  acid  reaction  could  be 
obtained  with  the  urine  only  on  the  first  day  of  the  after  period,  so 
rapidly  was  the  borax  passed  out  of  the  body. 

Lastly,  attention  may  be  called  to  the  constant  presence,  in  appre- 
ciable amounts,  of  uric  acid  in  the  urine  of  all  the  animals  experimented 
with,  in  opposition  to  the  older  statements  of  Liebig^  and  others  that 
kynurenic  acid  may  entirely  replace  uric  acid  in  the  urine  of  the  dog. 
Our  results,  so  far  as  they  extend,  are  thus  wholly  in  accord  with  the 
recent  observations  of  Solomin.'^  We  have,  however,  made  no  attempt 
to  determine  the  amounts  of  kynurenic  acid  present. 

General  Conolusions. —  Moderate  doses  of  borax  up  to  5  grams  per 
day,  even  when  continued  for  some  time,  are  without  influence  upon 
proteid  metabolism.  Neither  do  they  exert  any  specific  influence  upon 
the  general  nutritional  changes  of  the  body.  Under  no  circumstances, 
so  far  as  we  have  been  able  to  ascertain,  does  borax  tend  to  increase 
body-weight  or  to  protect  the  proteid  matter  of  the  tissues. 

Large  doses  of  borax,  5-10  grams  daily,  have  a  direct,  stimulating 
effect  upon  proteid  metabolism,  as  claimed  by  Gruber ;  such  doses, 
especially  if  continued,  lead  to  an  increased  excretion  of  nitrogen 
through  the  urine,  also  of  sulphuric  acid  and  phosphoric  acid. 

Boric  acid,  on  the  other  hand,  in  doses  up  to  3  grams  per  day,  is 
practically  without  influence  upon  proteid  metabolism  and  upon  the 
general  nutrition  of  the  body. 

liorax,  when  taken  in  large  doses,  tends  to  retard  somewhat  the 
assimilation  of  proteid  and  fatty  foods,  increasing  noticeably  the 
weight  of  the  fiuces  and  their  content  of  nitrogen  and  fat.  With  very 
large  doses  there  is  a  tendency  toward  diarrhoea  and  an  increased 
excretion  of  mucus.  Boric  acid,  on  the  contrary,  in  doses  up  to  3 
grams   per  day,  is  wholly  without  influence  in  these  directions. 

Borax  causes  a  decrease  in  the  volume  of  the  urine,  changes  the 
reaction  of  the  fluid  to  alkaline,  and  raises  the  specific  gravity,  owing 
to  the  rapid  elimination  of  the  borax  through  this  channel.  Under 
no  circumstances  have  we  observed  any  diuretic  action  with  either 
borax  or  boric  acid.  The  latter  agent  has  little  effect  on  the  volume 
of  the  urine. 

'  LiKHiG :  .Annalen  d.  Chom.  u.  Pharm.,  Hand  86,  p  125. 

2  Soi.OMiN  :  Zur  Kcmitniss  (Ur  Kynuronsiiuro.  Zeitschr.  f.  physiol.  Chem., 
1897,  Hand  23,  p.  497- 
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Both  borax  and  boric  acid  are  quickly  eliminated  from  the  body 
through  the  urine,  twenty-four  to  thirty-six  hours  being  generally 
sufficient  for  their  complete  removal.  Rarely  are  they  found  in  the 
faeces. 

Neither  borax  nor  boric  acid  have  any  influence  upon  the  putrefac- 
tive processes  of  the  intestine  as  measured  by  the  amount  of  combined 
sulphuric  acid  in  the  urine,  or  by  Jaffe's  indoxyl  test.  Exceedingly 
large  doses  of  borax  are  inactive  in  this  direction,  not  because  the 
salt  is  without  action  upon  micro-organisms,  but  because  of  its  rapid 
absorption  from  the  intestinal  tract. 

Borax  and  boric  acid,  when  given  in  quantities  equal  to  1.5-2.0  per 
cent  of  the  daily  food  are  liable  to  produce  nausea  and  vomiting. 

Owing  to  the  rapid  elimination  of  both  borax  and  boric  acid,  no 
marked  cumulative  action  can  result  from  their  daily  ingestion  in 
moderate  quantities. 

At  no  time  in  these  experiments  was  there  any  indication  of 
abnormality  in  the  urine ;  albumin  and  sugar  were  never  present. 
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IN  a  scries  of  papers  dealing  with  the  laws  of  growth  Minot^  has 
pointed  out  the  significance  of  experiments  on  organisms  as 
individual  wholes,  as  leading  toward  the  proper  object  and  final 
purpose  of  biological  investigation, — the  discovery  of  the  laws  of 
life.  Growth,  anabolic  and  accumulating,  has  its  reverse  in  all  forms 
of  katabolism,  of  which  by  far  the  most  important  arc  the  forms 
which  supply  from  day  to  day  and  from  hour  to  hour  energy  for 
those  bodily  functions  which  may  be  summed  up  under  the  broad 
name  of  "activity."  If  we  grant  that  the  activity  of  any  individual 
organism  may  be  an  index  of  the  sum  total  of  its  bodily  conditions, 
then  the  study  of  the  variations  of  that  activity,  and  of  the  conditions 
which  lead  to  such  variations,  becomes  of  the  utmost  importance. 

With  the  commencement  of  such  a  study  its  difficulties  begin. 
How  is  it  possible  to  arrive  at  an  adequate  estimate  of  such  activity? 
The  present  methods  of  Science  can  measure  metabolism  but  exact 
chemical  analyses  would  be  impossible  in  a  long  series  of  experi- 
ments on  normal  animals.  It  becomes  then  clearly  necessary  to 
make  many  assumptions  in  devising  a  practicable  method.  In  the 
research  about  to  be  described  it  has  been  assumed  that  the  amount 
of  muscular  energy  developed,  in  other  words  the  amount  of  work 
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done,  by  any  animal  day  by  day  will  be  an  approximate  expression 
of  its  susceptibility  to  those  variable  conditions  which  may  be  chosen 
for  experimentation.  But  here  again  new  obstacles  arise.  No  ani- 
mal, even  under  conditions  which  may  seem  to  be  unvaried,  will 
spontaneously  show  a  uniform  degree  of  activity  for  any  series  of 
days.  Small  causes,  apparently  inappreciable  and  unmeasurable, 
will  produce  changes  tending  to  create  or  to  destroy  that  feeling  of 
bodily  well-being  which  accompanies  the  proper  functioning  of  all 
component  parts.  In  studying  the  effect  of  drugs,  for  example,  this 
difficulty  becomes  so  overwhelming  that  it  is  plain  that  these  small 
causes  must  be  investigated  for  themselves.  Weather  changes,  long 
recognized  as  potent,  must  be  studied.  The  effects  of  atmospheric 
pressure,  atmospheric  moisture,  temperature,  light,  winds  and  elec- 
trical variations  must  be  obtained  by  long  series  of  observations 
before  we  can  hope  to  arrive  at  a  solution  of  our  single  equation 
with  its  almost  indefinite  number  of  unknown  quantities. 

Of  the  meteorological  factors  just  mentioned,  only  atmospheric 
pressure  has  been  taken  into  consideration  here.  The  methods  of 
the  research  have  nevertheless  been  applied  for  the  purpose  of 
studying  the  effects  upon  activity  of  variations  in  diet,  and  of  the 
administration  of  alcohol,  with  the  hope  of  obtaining  results  so  broad 
and  general  as  to  be  of  value  in  showing  at  least  the  possibilities  in 
this  comparatively  new  field  of  operation. 

So  much  for  the  purpose  and  aims  of  the  undertaking.  A  word 
must  be  said  as  to  the  selection  of  suitable  animals  for  the  experi- 
ments. It  seemed  best  to  choose  rats  and  mice,  because  they  fill 
as  many  as  possible  of  the  requirements.  They  are  small,  cheap, 
easily  fed  and  cared  for;  and,  best  of  all,  when  placed  in  revolving 
cages  they  spend  most  of  their  time,  when  not  eating  or  sleeping,  in 
running. 

With  regard  to  the  distribution  of  their  working  periods  it  may 
be  noted  that  the  records  obtained  from  rats  show  that  their  activity 
is  confined  entirely  to  the  hours  of  the  night.  Beginning  at  from  six 
to  eight  o'clock  in  the  evening  —  later  in  summer  than  in  winter  — 
they  are  uniformly,  though  not  continuously,  active  during  the  next 
eight  or  ten  hours.  Contrasted  with  this  is  the  activity  of  the 
squirrel,  the  records  of  which  show  greater  intensity,  but  only  for  an 
hour  or  two  night  and  morning.  Still  another  type  was  that  of  two 
fox-squirrels,  active  throughout  the  whole  of  the  day  and  sleeping 
only  at  night.     Such  differences  indicate  that  an  investigation  of  the 
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comparative  distribution  of  activity  and  of  the  relation  of  its  intensity 
to  its  duration  promises  interesting  and  valuable  results.  Com- 
mencing, as  did  Hodge  and  Aikins,*^  with  the  protozoa,  it  might  be 
possible  to  develop  much  that  would  bear  closely  upon  theories  of 
animal  rhythm,  rest  and  sleep. 

The  following  section  will  give  a  detailed  account  of  the  apparatus 
used,  and  of  the  general  methods  of  procedure. 

Description  of  Apparatus  and  Methods.  —  The  apparatus  consists 
primarily  of  two  parts  :  the  cages  in  which  the  animals  to  be  experi- 
mented upon  are  placed,  and  the  various  mechanisms  for  recording 
their  movements  in  these  cages.  Each  of  the  cages  (see  Fig.  i)  used 
throughout  the  experiments  on  rats  is  cylindrical,  eighteen  inches 
long  by  twenty  in  diameter,  made  of  fine  wire  netting  soldered  to  a 


Figure  i. 


frame  of  stout  steel  wire.  The  cage  revolves  freely  on  a  steel  rod 
supported  by  a  fixed  wooden  frame.  At  one  end  is  a  wide-hinged 
door;  from  the  axle  is  hung  a  light  wooden  nest-box,  completely 
closed  in  but  for  a  small  round  opening  on  one  side ;  and  to  the  end 
of  the  nest-box  next  the  door  is  fi.xed  a  detachable  tin  feed-box  of 
two  compartments.  At  the  opposite  outer  end  of  the  cage  is  an 
eccentric  which,  with  each  revolution  of  the  cage  in  either  direction, 
pushes  aside  an  upright  lever  attached  to  the  wooden  axle  support, 
and  in  so  doing  pulls  the  wire  connecting  the  cage  lever  with  the 
recording  apparatus. 

Cages  used  for  mice  are  similar  in  construction,  except  that  their 
small  size  (eight  inches  long  by  five  in  diameter)  renders  them  so 


Variations  in  Daily  Activity.  43 

light  that  no  wooden  support  is  needed  for  the  axle.  The  axle  is 
held  in  position  by  a  clamp  upon  an  iron  standard,  while  a  second 
clamp  holds  a  bearing  for  the  lever  which,  with  its  wire,  serves  as  a 
means  of  communicating  the  motions  made  by  the  cage. 

To  record  the  revolutions  of  the  cages  a  simple  six-inch  con- 
tinuous-roll kymograph,  with  uniform  motive  power,  was  first  used. 
A  standard  carrying  six  light  wooden  levers,  each  five  inches  long, 
is  placed  before  the  kymograph.  Each  lever  is  tipped  with  thin 
whalebone,  and  to  each  is  fixed  a  small  glass  ink-well  and  a  pen  of 
fine  capillary  glass  tubing.  Each  is  connected  by  a  wire  to  the  lever 
of  the  corresponding  animal  cage.  As  the  cage  revolves  the  eccentric 
pushes  back  the  cage  lever,  the  wire  attached  to  it  is  pulled,  the  pen 
lever  is  drawn  down,  and  the  pen  makes  a  vertical  mark  upon  the 
slowly  travelling  scroll  of  paper.  Upon  the  release  of  the  cage  lever 
a  spring  fastened  to  the  pen  draws  the  pen,  the  wires  and  the  cage 
lever  back  to  their  original  position,  and  the  apparatus  is  ready  to 
record  another  revolution  of  the  cage. 

Single  revolutions  would  be  indicated  by  single  vertical  lines,  but 
when  the  cage  is  made  to  revolve  with  sufficient  rapidity  a  con- 
tinuous broad  band  marks  the  duration  of  a  series  of  revolutions. 
An  electro-magnetic  time-marker,  connected  with  a  battery  and  a 
clock  making  short  connections  every  minute  and  longer  ones  every 
hour,  gives  an  accompanying  record  by  means  of  which  the  duration 
and  distribution  of  such  periods  of  activity  may  be  computed. 

The  kymograph  method  just  described,  though  invaluable  in  the 
study  of  the  distribution  of  activity  throughout  the  day  in  different 
species  of  animals,  and  even  in  different  animals  of  the  same  species, 
is  nevertheless  a  rather  unreliable  one  for  close  or  accurate  experi- 
mental measurement.  After  a  rate  of  cage  revolution  has  been 
reached  which  is  sufficiently  great  to  be  recorded  by  a  continuous 
broad  band,  no  greater  speed  of  revolution  can  be  distinguished  by 
any  feature  of  the  tracing.  In  other  words,  of  two  animals  one  might 
do  twice  as  much  work  as  the  other  in  the  same  period  of  time 
without  any  indication  of  that  fact  being  shown  upon  the  record  of 
their  activity. 

A  much  more  exact  recording  method  is  the  following,  which  has 
been  used  in  almost  all  the  experiments  to  be  described.  The  hair 
spring  and  balance  wheel  of  a  common  spring  clock  are  removed, 
and  to  the  escapement  are  attached,  on  one  side  a  soft  spring  of  fine 
brass  wire,  and  upon  the  other  a  wire  which,  passing  through  a  slit- 
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like  opening  in  the  clock  case,  is  in  turn  attached,  as  was  the  wire  in 
the  preceding   method,  to  the  cage  lever.     Each  revolution  of  the 
cage,  as  before,  pulls  the  wire,  the  escapement  is  drawn  down,  and  one 
cog  of  the  ratchet  wheel  is  let  go.     In  the  clocks  used  two  of  these 
cogs  correspond   to  one  second  on  the  dial  —  seven  thousand  two 
hundred,  therefore,  to  an  hour.     The  clock  is  set  at  twelve,  and  the 
exact  number  of  revolutions  performed  in  any  given  time  by  the  cage 
to  which  it   is  attached  may,  at  the  end  of  that  time,  be  read  off  on 
the  dial.     This  method  fails  to  give  any  representation  of  the  distri- 
bution of  activity,  but  its  relative  accuracy  in   recording  the   total 
amount  of  work  done  makes  it  perhaps  the  most  useful  in  experi- 
ments where  daily  variations  due  to  food  and  drug  effects  are  being 
sought  for.     By  estimating  the  circumference  of  the  cage  used,  and 
multiplying  by  the   observed  number  of  revolutions   in  any   given 
time,  one   may  obtain    a  rough  estimate  of  the  distance  travelled. 
For  example,  it  was  noted  in  the  course 
of  the  various   experiments  to  be  de- 
scribed, that  a  common  gray  rat  will  run 
normally  from  five  to  fifteen  miles  in  a 
single  night,  one  particularly  active  rat 
travelling  an  aggregate  distance  of  one 
hundred   and   forty-three    miles   in   ten 
days. 

In  a  third   piece  of  recording  appa- 
ratus, not  so  well  adapted  for  prolonged 
|i  experiments,  but  possessing  in  a  measure 

^i  the  advantages  of  the  preceding  two,  in- 

stead of  turning  the  hands  on  the  dial, 
as  in  the  second  method,  a  similar  clock 
is  made  to  wind  up  a  cord  which  runs 
on  a  bobbin  fastened  to  the  axle  of  the 
^  hour  hand.     The  curd  is  attached  to  a 

vertically  moving  stylographic  pen  which 
records  its  position  on  a  slowly  travelling 
roll  of  paper.      When  the  cage  is  not 
Figure  2.     Knee-ierk.  baronielur  ,    -        .i_  ■       .         ^         >  ^ 

. ,.  ,,      L     i ,      revolving  the  pen  is  at  rest  and  traces  a 

and  thennomeler.     (I^mbard)  ,  ,. 

horizontal  line ;  but  when  it  is  revolving, 
the  pen  slowly  rises  as  the  string  is  wound  up.  By  using  a  roll  of 
paper  carried  on  a  kymograph  at  the  rate  of  six  or  eight  inches  a 
day,  and  recording  also  thermometer,  barometer,  hygrometer  and 
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time,  a  more  or  less  complete  picture  of  the  data  for  the  period 
studied  may  be  obtained. 

The  Effect  upon  Activity  of  Changes  in  Barometric  Pressure.  — 
Lombard*  has  described  a  correspondence  between  the  variations 
of  average  knee-jerk  for  a  series  of  days,  and  the  condition  of  the 
weather.  His  results  (see  Fig.  2)  show  a  direct  relation  between 
knee-jerk  and  barometric  pressure,  and  a  more  indefinite  inverse 
relation  to  temperature.  No  effect  of  changes  in  humidity,  or  in 
electric  tension,  was  shown.  Lombard  *  has  also  shown,  in  experi- 
ments upon  himself,  that  a  decrease  in  atmospheric  pressure  lessens 
the  ability  to  do  voluntary  muscular  work,  while  an  increase  in  pres- 
sure increases  muscular  power.  High  temperature,  especially  when 
associated  with  much  humidity,  decreases  this  ability. 
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Figure  3.    Curve  of  the  average  daily  activity  of  six  gray  rats,  during  seventy  days. 
The  dotted  line  shows  barometric  pressure. 

An  undoubted  influence  of  barometric  variations  upon  the  activity 
of  the  nerve  muscle  complex  has,  therefore,  already  been  demon- 
strated, so  that  we  might  naturally  expect  to  find  variations  in  the 
amount  of  spontaneous  daily  work  correlated  with  changes  in  atmos- 
pheric pressure.     Turning  to  the  experiments  in  which  the  methods 
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already  outlined  were  used,  we  have  in  Figure  3  a  curve,  plotted  in 
terms  of  cage  revolutions,  for  seventy  days,  of  the  average  daily 
activity  of  six  common  gray  rats,  full  grown  when  caught,  and  there- 
fore uninfluenced  by  domestication.  The  dotted  line  shows  the 
variations  in  barometric  pressure  during  the  continuance  of  the  ex-  • 
periment.  Up  to  April  twelfth,  that  is  during  the  first  half  of  the 
time,  the  rats  were  perfectly  normal.  During  the  latter  half,  however, 
four  of  them  were  getting  alcohol  in  addition  to  their  regular  food. 
The  consequent  interference  with  normal  activity  is  shown  in  the 
otherwise  unaccountable  rise  during  the  latter  part  of  April  and  the 
first  few  days  of  May.  This  will  be  referred  to  again  more  fully 
when  the  alcohol  experiments  are  being  described. 
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Figure  4.     Curve  of  the  daily  activity  in  minutes  of  a  single  gray  rat  during  twenty-six 
days.     Barometer,  as  before,  in  dotted  line. 

Figure  4  is  a  curve  of  the  variations  in  duration  of  activity  shown 
by  a  single  gray  rat  during  twenty-six  days.  The  cur\'e  of  baro- 
metric pressure  is  superimposed  in  dotted  line.  In  each  of  these 
curves  there  is  shown  an  inverse  relation  bet\veen  the  amount  of 
daily  activity  and  the  barometric  pressure.  Similar  results  were 
obtained  from  the  records  of  a  common  red  squirrel,  though  the 
squirrel's  activity  showed  at  times  extreme  variations  from  day  to 
day  with  no  apparent  cause. 

Figure  5  shows  curves  of  the  variations  in  daily  activity  of  three 
groups  of  white  rats  for  one  hundred  and  t\velve  days.  For  the 
first  twenty-six  days  the  record  is  from  five  pairs  of  rats,  one  pair, 
male  and  female,  to  a  cage ;  for  the  next  twenty-six  days  six  pairs 
are  recorded,  five  of  them  being  the  five  pairs  of  the  preceding 
days;  and  for  the  rest  of  the  time  a  new  series  of  six  pairs  furnish 
the  records.     Where  a  point  in  the  record  has  been  enclosed  in  a 
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small  circle,  imperfect   data  have  been  used  to  fill   out   the  space. 
The   barometric    pressure    is    recorded,    as   before,    in   dotted    line. 
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Figure  5.  Curve  of  average  daily  activity  of  white  rats :  March  19th  to  April  7th, 
average  of  five  pairs ;  April  8th  to  May  3d,  of  six  pairs ;  May  4th  to  the  end,  of  a 
new  series  of  six  pairs.     Barometer  in  dotted  line. 

Whatever  correspondence  there  is  between  the  two  curves  would 
lead  to  the  conclusion  that  the  effect  of  changes  in  atmospheric 
pressure  is  a  direct  one,  as  against  the  inverse  relation  shown  for 
gray  rats.  A  point  worthy  of  note,  however,  is  that  just  as  the 
pressure  effect  is  shown  more  clearly  in  the  curve  of  the  first  ex- 
periment where  the  animals  are  perfectly  normal  (sec  Fig.  3),  so 
in  this  curve,  from  the  beginning  to  the  point  marked  April  eighth, 
and  from  May  fourth  to  June  first,  where  the  records  are  from  nor- 
mal rats,  a  correspondence  is  more  clearly  shown.  During  the  rest 
of  the  time  the  same  animals  were  being  used  for  alcohol  experi- 
ments, with  a  consequent  interference  as  yet  unexplained.  Many 
of  the  daily  variations  in  the  curve  are  unaccounted  for,  but  the 
great  rise  in  average  activity  shown  during  the  early  part  of  July 
is  without  doubt  due  to  the  disturbing  noises  incident  to  the  cele- 
bration of  Independence  Day. 
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Figure  6  gives  another  curve  of  the  average  activity  of  six  white 
rats,  with  barometer  plotted  in  dotted  line  as  before.  Here  again 
the  correspondence  between  the  curves  is  only  of  doubtful  value. 
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Figure  6.     Average  activity  of  six  white  rats  for  fifty-three  days.     Barometer  in  dotted 
line. 

Figure  7  shows,  in  solid  and  broken  line,  the  curves  of  activity  of 
two  dogs,  from  data  obtained  by  Hodge  °  by  means  of  a  pair  of 
ingeniously  contrived  pedometer  watches  carried  by  the  dogs  in 
their  collars.  The  curves  are  plotted  from  the  readings  of  these 
watches  taken  once  a  day.  To  the  chart  I  have  added  in  dotted 
line  the  curve  of  barometric  pressure  for  the  forty-six  days  of  the 
experiment,  with  the  result  of  establishing  a  somewhat  striking  cor- 
respondence. The  curve  would  be  improved  in  legibility  if  the 
records  for  the  two  dogs  were  averaged  instead  of  being   plotted 
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Figure  7.     Curves  of  the  activity  of  two  dogs,  plotted  in  solid  and  broken  line.     Ba- 
rometric variations  shown  in  dotted  line  for  the  forty-six  days  of  the  experiment. 

separately,  as  they  are  in  the  figure ;  but  it  would  not  show,  as  it 
does  now,  the  remarkable  similarity  between  the  two.  Other  meas- 
urable factors  are  undoubtedly  at  work  in  producing  variations,  — 
factors  which  can  be  determined  only  by  manifold  repetition  of  such 
experiments. 
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The  foregoing  charted  results  show  an  inverse  relation  between 
the  amount  of  voluntary  daily  activity  of  gray  rats  and  atmospheric 
pressure,  and  a  direct  relation  between  variations  in  barometric 
pressure  and  the  activity  of  the  two  dogs.  The  white  rats  experi- 
mented upon  showed  only  a  doubtful  direct  relation  between  the 
amount  of  their  daily  activity  and  pressure.  The  experiments  seem 
to  point  to  the  possibility  of  a  fundamental  difference  in  this  respect 
between  domesticated  animals,  independent  of  weather  changes,  and 
wild  animals  with  their  greater  need  of  individual  effort  for  self-pres- 
ervation and  their  greater  interest  in  food  supply. 

The  Bfifect  of  Changes  in  Diet.  —  The  experiments  under  this  head 
were  all  upon  white  rats  normally  fed  on  a  uniform  diet  of  dog-biscuit 
and  water.  In  the  first  experiment  (see  Fig.  8)  six  pairs  of  white  rats, 
one  pair  to  a  cage,  were  used.  The  solid  line  shows  the  average  daily 
activity  of  three  pairs,  the  broken  line  that  of  the  other  three. 
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Figure  8.  Feeding  experiment.  Each  line  shows  a  curve  of  the  daily  average  of  three 
pairs  of  white  rats.  From  Dec.  8th  to  19th  those  of  the  dotted  line  get  beef  and 
dog-biscuit,  the  others  corn.     For  the  rest  of  the  time  all  were  fed  dog-biscuit. 

Both  groups  were  normal  up  to  December  seventh  ;  then  those 
represented  by  the  broken  line  were  fed  fat  and  lean  raw  beef  and 
dog-biscuit  for  twelve  days,  during  which  time  the  others  got  Indian 
corn.  From  the  twentieth  of  December  to  the  end  of  the  experiment, 
twelve  days  again,  all  were  fed  dog-biscuit  as  before.  The  decrease 
in  voluntary  activity  with  the  heavier  diet  is  shown  in  the  curve. 

In  the  second  experiment  (see  Fig.  9)  all  six  pairs,  the  same  rats 
as  were  used  in  the  preceding  experiment,  were  fed  alike.  For  the 
first  twelve  days  they  were  fed  on  dog-biscuit,  with  good  average 
records  as  the  result.  During  the  next  fifteen  days  (January  first  to 
fifteenth)  white  bread  was  given,  with  an  accompanying  increase  in 
the  amount  of  daily  work.  For  the  next  ten  days  (January  sixteenth 
to  twenty-fifth)  bread  and  fat  and  lean  beef  were  given,  causing  a 
manifest    decrease.     Then  for  six    days   (January    twenty-sixth    to 
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thirty-first)  bread  alone,  as  before,  was  fed,  with  again  a  rise.  This 
was  followed  by  bread  and  beef  for  seven  days  ( February  first  to 
seventh)  with  a  fall  in  activity.  From  the  eighth  of  February  to  the 
end  of  the  experiment  on  the  first  of  March   bread  alone  was  fed, 
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Figure  9.  Second  feeding  experiment.  Curve  shows  average  activity  of  six  pairs  of 
white  rats.  December  20th  to  31st  —  dog-biscuit.  January  ist  to  15th  —  bread.  Janu- 
ary 16th  to  25th  —  beef  and  bread.  January  26th  to  31st  —  bread.  February  ist  to  7th 
—  beef  and  bread.  February  8th  to  March  ist  —  bread.  At  points  marked  February 
1 8th  and  19th  the  effect  of  lack  of  food  is  shown ;  at  February  24th  and  25th,  the 
effect  of  an  escape  of  gas,  and  the  same  at  March  ist. 


with  a  resulting  rise  in  activity.  The  record  for  this  last  f>eriod  re- 
mains uncomplicated,  however,  during  only  the  first  eight  days.  On 
the  seventeenth  of  PY'bruary  the  record  for  the  preceding  night  was 
not  noted,  nor  were  the  rats  fed.  The  records  for  the  sixteenth  and 
seventeenth  were  therefore  lost,  while  the  records  for  the  eighteenth 
and  nineteenth  show  the  effect  of  insufficient  food.  Recovery  was 
complete  by  the  twenty-third,  when  unfortunately  gas  escaped  in  the 
room  in  which  the  experiments  were  carried  on,  and  several  of  the  rats 
were  notice«ibly  poisoned  by  it  —  the  effect  upon  their  activity  being 
shown  by  the   records  of  the  twcnt\'-fourth  and  twenty-fifth.     Re- 
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covery  again  followed,  when,  on  the  t\vcntj--eighth,  gas  escaped  once 
more,  with  a  similar  result. 

The  next  figure  shows  in  an- 
other way  the  result  of  this  ex- 
periment (see  Fig.  10).  The 
average  for  each  of  the  periods 
mentioned  has  been  taken  from 
the  perfect  records  of  that  period, 
while  the  average  activity  for  the 
whole  time  Is  also  shown  by  a 
horizontal  broken  line. 

For  the  third  feeding  experi- 
ment (see  Fig.  1 1 )  six  mate  rats 
were  selected,  and  all  were  fed  on 
dog-biscuit  for  the  first  ten  days. 
Then  from  the  thirteenth  to  the 
thirtieth    of    March    the    three 
whose  average  activity  is  plotted 
by  the  broken  line  were  fed  beef,  cheese,  sugar,  chocolate,  and  bread, 
while  the  other  three,  the  solid  line,  got  bread  alone.      From   the 
thirty-first  of  March  to  the  nineteenth  of  April  the  conditions  were 
reversed,  those  previously  well  fed  getting  the  meagre  diet  of  bread. 
During  the  last  five  days  the  conditions  were  again  reversed,  with  a 


Figure  10.  Another  rendering  of  Figure  9, 
showing  graphically  the  aveiage  activity 
for  each  of  the  periods  of  the  second  feed- 
ing experiment. 
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FlGUiK  II.  Third  feeding  experiment.  Each  line  the  average  of  the  records  of  three 
male  rats.  All  normal  to  March  izth.  March  13th  to  30th,  full  diet  for  those  of  the 
broken  line  and  bread  for  the  others.  March  31st  to  April  19th,  full  diet  for  those 
of  the  solid  line,  and  bread  for  the  others.    April  20  to  24(h,  the  conditions  again 


second  crossing  of  the  lines  of  activity  as  the  result.  The  simpler  diet 
in  all  cases  gives  a  relatively  greater  degree  of  activity.  The  weights 
of  the  rats  were  taken  at  the  commencement  of  the  experiment,  at 
each  change,  and  at  the  end.  The  following  table  shows  the  increase 
in  weight  that  accompanied  the  decrease  in  activity. 
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Kat 

March  3d. 

March  31st. 

April  20th. 

April  25th. 

No. 

Commencement. 

After  rich  diet 

After  diet  of  bread. 

After  rich  diet. 

1 

305  g. 

329  g. 

310  g. 

325  g. 

2 

312 

335 

322 

325 

3 

235 

249 

238 

240 

Commencement. 

After  diet  of  bread. 

After  rich  diet. 

After  diet  of  bread. 

4 

315  g. 

307  g. 

332  g. 

326  g. 

5 

300 

281 

286 

280 

6 

260 

231 

256 

255 

Effect  of  Alcohol.  —  Hodgc,^  in  the  published  account  of  his  ex- 
periments on  the  physiological  effect  of  alcohol  on  dogs,  records  the 
observation  that  the  two  alcohol  dogs,  although  never  intoxicated, 
show  much  less  activity  than  the  two  normal  controls.  The  use  of  a 
pair  of  pedometer  watches  developed  the  fact  that,  of  the  males,  the 
alcoholic  showed  during  forty-six  days  only  seventy-one  per  cent  of 
the  activity  of  the  other,  while  with  the  females  the  alcoholic  showed 
a  percentage  of  only  fifty-seven. 

In  the  first  series  of  my  own  experiments  gray  rats  were  used.  Six 
rats  of  as  nearly  equal  weights  as  could  be  found  were  placed  in  six 
similar  cages  and  kept  on  a  normal  and  entirely  uniform  diet  for 
longer  or  shorter  periods  before  the  actual  commencement  of  the  ex- 
periment. Averages  of  their  activity  for  such  periods  were  taken  on 
April  twelfth,  1895,  ^^^  ^'^^  ^^^^  were  arranged  in  pairs  in  such  a  way 
that  the  total  average  activity  of  any  one  pair  was  as  nearly  equal  to 
that  of  either  of  the  other  two  pairs  as  possible.  It  was  decided  to 
give  weak  alcohol  to  two,  strong  alcohol  to  two,  and  to  keep  the  other 
two  as  normal  controls.  Alcohol  was  administered  with  their  food  in 
increasing  strength,  according  to  the  following  schedule: 
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So  that  one  pair  from  April  twenty-seventh  to  the  end  of  the  ex- 
periment in  October  of  the  same  year  drank  nothing  but  twenty  per 
cent  alcohol,  while  another  pair  had  a  sixty  per  cent  solution  after 
May  fourteenth. 

Figure  12  shows  the  voluntary  activity  of  these  six  rats  during  the 
experiment  The  solid  line  is  the  curve  of  the  average  of  the  two 
normal  rats,  the  dotted  line  that  of  the  weak  alcohol  rats,  and  the 
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Figure  12.  Alcohol  experiment  upon  gray  rats.  Solid  line  plots  the  average  of  two 
normal  rats ;  dotted  line,  of  two  getting  weak  alcohol ;  and  broken  line,  of  two  getting 
strong  alcohol.     Water  given  June  8, 10, 11, 14, 15, 16,  17  and  18,  and  July  8, 9  and  10. 


broken  line,  that  of  the  strong.  One  of  the  rats  getting  the  strong 
solution  died  on  the  seventeenth  of  May,  the  second  on  the  twenty- 
sixth  of  June.  On  the  eighth,  tenth,  eleventh,  fourteenth,  fifteenth, 
sixteenth,  seventeenth  and  eighteenth  of  June,  and  on  the  eighth, 
ninth  and  tenth  of  July,  water  was  substituted  for  alcohol.  The 
result  was  a  decided  rise  in  the  activity  of  the  strong  alcohol 
rats  and  no  definite  effect  upon  the  weak  alcohol  animals.      The 
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|rcncral  falling  off  in   activity  toward  the  end  of  the  experiment  is 
no  doubt  partly  due  to  the  lack  of  variety  and  general  insufficiency 

in  diet. 

Figure  13  gives  another  rendering  of  the  same  curve,  with  the 
normals  plotted  as  a  level  line  and  the  others  shown  as  varying  above 
and  below  that  normal.     The  broken  line  is  the  curve  of  the  strong 
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Fku'RK  13.  Another  chart  of  the  same  experiment.  Activity  of  normal  rats  taken  as 
base  h'ne ;  strong  alcohol  rats  in  broken  line,  and  weak  alcohol  rats  in  dotted  line. 
Water  given  June  S,  to,  1 1,  14.  15,  16,  17  and  iS.  and  July  S,  9  and  10. 

alcohol  rats,  and  the  dotted  line  that  of  the  weak.  It  shows  perhaps 
better  than  Figure  \2  the  primary  rise  in  the  activity  of  the  rats  get- 
ting strong  alcohol,  with  a  subsequent  fall  as  soon  as  forty  per  cent  is 
given,  and  the  rise  again  during  the  month  of  June  when  water  was 
substituted.  For  the  animals  getting  weak  alcohol  it  shows  a  slower 
rise  but  no  subsequent  fall  lo  the  level  o^  the  normals  for  any  length 
of  time. 

Figure  14  is  a  chart  showing  the  result  of  an  experiment  upon  six 
pairs  of  white  rats,  one  pair,   male  an^l  female,  to  a  cage.     Three 
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pairs  arc  normal  throughout,  their  average  daily  activity  being 
plotted  in  solid  line.  The  other  three  are  normal  for  twenty-nine 
days,  until  June  second,  when  five,  ten,  fifteen  and  twenty  per  cent 
alcohol  are  given  on  four  successive  days,  the  twenty  per  cent  alcohol 
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Figure  14.  Alcohol  experiment  on  white  rats.  Each  line  shows  the  average  of  three 
pairs  —  all  normal  until  June  first.  Those  shown  in  dotted  line  are  then  fed  alcohol; 
the  others,  the  solid  line,  are  control  animals. 

being  continued  until  the  end  of  the  experiment  on  July  third.  The 
curve  shows  no  decrease  as  the  result  of  administering  alcohol  in 
twenty  per  cent  solution,  but  rather  a  relative  increase.  This  curve, 
too,  gives  an  example  of  increase  through  practice  —  a  curve  of 
getting  used  to  the  apparatus. 

Figure   15   shows,   for  another  experiment,  a  decrease  in  activity 
following   immediately  upon   the  administration   of   thirty  per  cent 
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Fir.iTRE  15.  Alcohol  experiment  on  white  rats.  Each  curve  shows  the  average  of  three 
pairs.  The  solid  line  shows  the  activity  of  the  normal  animals,  the  broken  line  that 
of  the  alcoholic  animals.  Alcohol  given  as  indicated.  Points  enclosed  in  small 
circles  are  filled  in  from  imperfect  data. 

alcohol.  As  in  the  preceding  experiment,  six  pairs  of  white  rats, 
three  for  alcohol  and  three  for  controls,  were  used.  Points  enclosed 
in  circles  are  filled  in  from  imperfect  data. 
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Conclusions. 

1.  While  the  experiments  show,  for  gray  rats  and  for  a  red  squirrel, 
an  influence  of  barometric  pressure  on  voluntary,  spontaneous  activity 
that  indicates  an  inverse  relation  between  the  two,  the  curves  for  dogs, 
and  possibly  also  for  white  rats,  show  a  direct  effect  of  atmospheric 
pressure  in  increasing  voluntary  activity.  The  difference  may  be  due 
to  a  constant  difference  between  domesticated  and  wild  animals. 

2.  Influences  other  than  barometric  pressure  are  undoubtedly  at 
work  to  produce  variations  which  must  be  considered  as  normal. 

3.  The  effect  of  a  rich  diet  upon  white  rats  is  to  decrease  voluntary 
activity,  while  that  of  a  plain  though  apparently  sufficient  diet  is  to 
increase  it.  This  increase,,  in  one  experiment,  has  been  correlated 
with  a  slight  loss  in  weight,  while  the  decrease  was  accompanied  by 
a  corresponding  gain. 

4.  The  activity  of  rats  is  markedly  decreased  by  the  administration 
of  alcohol  in  thirty  to  sixty  per  cent  solutions,  but  no  decrease  has 
been  experimentally  demonstrated  as  a  result  of  giving  a  twenty 
per  cent  solution  of  pure  alcohol. 
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THE  INFLUENCE  OF  HIGH  ARTERIAL  PRESSURES  UPON 
THE  BLOOD-FLOW  THROUGH  THE  BRAIN. 

By  W.   H.   HOWELL. 

[Professor  of  Physiology ^  Johns  Ho^ins  University. \ 

THE  conditions  controlling  the  circulation  of  blood  in  the  brain 
are  peculiar,  and  offer  an  intricate  physical  problem  the  solu- 
tion of  which  has  been  attempted  from  an  e*xperimental  as  well  as 
from  a  purely  theoretical  standpoint.  The  fact  that  the  brain  is 
contained  within  a  rigid  box  that  does  not  permit  free  expansion  of 
the  organ,  has  led  some  authors  to  assume  that  dilatation  of  its 
arteries,  however  produced,  is  not  followed  by  an  increased  flow  of 
blood,  as  is  usual  in  other  organs,  but  on  the  contrary,  under  certain 
conditions  at  least,  by  a  lessened  flow.  Thus,  Geigel  ^  has  held  upon 
theoretical  grounds  that  dilatation  of  the  arteries  of  the  brain  is  ac- 
companied by  a  compression  of  the  capillaries,  owing  to  the  fact  that 
the  expansion  of  the  arteries  causes  an  increase  in  intracranial  pres- 
sure that  is  transmitted  to  the  capillaries.  Upon  this  view,  therefore, 
dilatation  of  the  arteries,  whether  produced  through  vaso-dilator  nerve 
fibres  or  by  a  rise  in  general  arterial  pressure,  should  be  followed  by 
a  lessened  flow  of  blood  through  the  brain,  and  vice  versa. 

Grashey^  in  his  well-known  treatise  upon  the  hydro-statics  and 
hydro-dynamics  of  the  cerebral  circulation  has  also  admitted  a  simi- 
lar possibility.  Grashey  assumes  that  intracranial  pressure  depends 
upon  two  conditions,  namely,  the  volume  of  the  cerebro-spinal  liquid 
and  the  amount  of  arterial  pressure.  Dilatation  of  the  arteries  must 
lead  to  an  increased  intracranial  pressure,  and  this  being  transmitted 
through  the  brain  substance  acts  upon  the  part  of  the  circulation  where 
the  intravascular  pressure  is  least,  that  is,  the  cerebral  veins.  Inasmuch 
as  the  pressure  within  the  capillaries  is  greater  than  in  the  veins,  an 
increase  of  intracfanial  pressure  should  affect  the  veins  and  not  the 
capillaries,  as  Geigel  assumed.  Moreover,  Grashey  emphasizes  a  fact 
that  other  authors  seem  sometimes  to  overlook,  namely,  that  the 
sinuses  of  the  brain  are  probably  entirely  protected  from  any  direct 
influence  of  intracranial  pressure  by  their  tense  and  inextensible 
covering  of  dura  mater.  From  his  theoretical  standpoint  Grashey 
concludes  that  an  increase  in  arterial  pressure  causes  a  greater  flow 
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of  blood  through  the  brain  up  to  a  certain  Hmit  only.  So  soon  as 
intracranial  pressure  is  raised  by  the  expansion  of  the  arteries  to  such 
an  extent  as  to  cause  occlusion  of  the  cerebral  veins,  the  volume  of 
blood  circulating  through  the  brain  is  diminished.  There  follows 
under  these  circumstances  what  Grashey  calls  a  vibration  of  the 
veins.  The  occlusion  of  the  veins  by  the  intracranial  pressure  is 
overcome  by  the  consequent  rise  of  static  pressure  transmitted 
through  the  capillaries,  and  this  in  turn  is  followed  by  occlusion  as 
the  pressure  in  the  patent  veins   falls,  and  so  on. 

A  similar  view  has  been  held  bv  other  authors  who  have  treated 
the  subject  from  a  theoretical  standpoint,  and  by  some  of  those  who 
have  investigated  the  matter  experimentally.  The  differences  of 
opinion  seem  to  be  mainly  as  to  the  level  of  arterial  pressure  at  which 
an  obstruction  to  the  blood-flow  occurs,  whether  it  falls  within  the 
range  of  normal  variations  of  pressure  or  is  reached  only  under  extra- 
ordinary conditions.  This  admission  appears  to  be  of  the  nature  of  a 
theoretical  concession  to  the  recognized  peculiarities  of  the  cerebral 
circulation,  and  it  is  of  interest  to  inquire  how  far  it  is  supported  by 
actual  experiments.  The  simple  and  direct  method  of  solving  the 
problem  is  to  measure  the  outflow  of  venous  blood  from  the  brain 
under  different  conditions  of  arterial  pressure.  This  method  has 
been  employed  by  a  number  of  authors  with  results  which  seem 
to  be  uniform  and  quite  opposed  to  the  conclusion  obtained  from  a 
theoretical  consideration  alone.  The  experiments  carried  out  by 
Gaertner  and  Wagner.^  and  since  practically  repeated  by  Bayliss  and 
Hill,"*  Hill  and  Nabarro,^  Reiner  and  Schnitzler^  and  others,  have 
shown  conclusively  that  the  flow  of  blood  through  the  brain  is  in- 
creased as  the  general  blood  pressure  is  raised.  Even  ma.ximal  blood 
pressures  produced  by  the  action  of  strychnine  or  absinthe  give  only 
an  increased  outflow  from  the  cerebral  veins  with  no  indication  of 
even  a  temporary  slowing. 

While  these  experiments  have  shown  quite  conclusively  that  a  rise 
of  blood  pressure,  so  far  as  it  can  be  produced  by  the  normal  regulat- 
ing mechanisms  of  the  circulation,  fails  to  produce  the  condition  of  a 
diminished  blood-flow  as  demanded  bv  theorv.  it  is  held  bv  some  of 
the  authors  quoted  that  if  the  arterial  pressure  be  still  further  in- 
creased, a  point  must  be  reached  at  which,  owing  to  the  compression 
of  the  cerebral  veins,  a  permanent  or  temporary  diminution  of  blood- 
flow  will  result.  Thus  Hill"  says,  *'  It  is.  however,  possible  that  a  very 
sudden  and  abnormally  high  rise  of  arterial  pressure  should  so  expand 
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the  arteries  at  the  base  of  the  brain  as  to  temporarily  express  capillary 
areas  and  produce  anjemia." 

It  has  been  the  object  of  my  experiments  to  determine  whether  or 
not  this  is  true.  For  this  purpose  I  have  used  the  simplest  possible 
method.  Upon  dogs  I  have  connected  the  arteries  of  the  brain  with 
reservoirs  of  blood,  or  Ringer's  solution  isotonic  with  the  blood,  that 
could  be  placed  at  any  desired  height,  while  the  outflow  from  the 
brain  was  caught  in  a  large  test  tube  suspended  by  a  spiral  spring 
so  that  its  movement,  as  it  filled  with  blood,  could  be  registered 
upon  a  kymographion.  The  details  of  the  experiments  were  as  fol- 
lows: The  animal  was  bled  to  death  under  ether.  The  internal 
carotids  were  dissected  out  and  ligated.  The  vertebral  arteries  were 
exposed,  and  cannulas  filled  with  defibrinated  blood  or  isotonic  salt  solu- 
tions were  introduced.  These  cannulas  were  connected  with  the  reser- 
voirs of  carefully  filtered  calfs  blood  or  Ringer's  solution.  In  some 
cases  the  inflow  cannulas  were  placed  in  the  aorta  or  subclavians  in- 
stead of  in  the  vertebrals,  and  the  flow  directed  into  these  latter 
arteries  by  ligating  the  other  branches.  To  catch  the  outflow  of 
blood  from  the  brain,  cannulas  were  placed  directly  in  the  superior 
cerebral  veins  at  their  emergence  from  the  skull,  or  in  some  cases 
in  the  external  jugular  vein  after  ligating  all  communicating  branches 
except  the  two  superior  cerebral  veins.  The  internal  jugular  veins 
on  the  two  sides  were  ligated  close  to  the  skull.  An  attempt  was 
also  made  in  some  cases  to  shut  off"  the  outflow  through  the  occipital 
sinuses  into  the  spinal  plexuses,  but  as  this  involved  some  danger  of 
altering  the  conditions  of  pressure  within  the  skull  the  attempt  was 
abandoned.  In  the  experiments  as  made,  therefore,  two  paths  of 
exit  were  opened  to  the  blood  flowing  from  the  brain,  —  one,  which 
was  not  measured,  into  the  spinal  plexuses,  and  one  through  the 
transverse  sinuses  and  superior  cerebral  veins.  The  outflow  from 
the  latter  was  measured.  This  sufficed  for  the  purposes  of  the 
experiment,  inasmuch  as  in  the  dog  this  latter  path  is  the  one 
through  which  most  of  the  blood  escapes,  and  the  object  of  the 
experiment  was  simply  to  determine  the  effect  of  very  high  arterial 
pressures  upon  the  rate  of  outflow  from  the  sinuses.  The  outflow 
cannulas  from  the  two  sides  were  united  to  a  single  short  tube  by 
means  of  a  Y  piece,  and  this  tube  opened  into  the  test  tube  men- 
tioned above.  This  test  tube  was  provided  below  with  an  opening 
through  which  it  could  be  emptied  rapidly  when  desired.  The  tube 
was  swung  by  a  spiral  of  German  silver  wire  after  the  manner  sug- 
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gested  by  Bowditch  for  plethysmographic  records,  the  spiral  being 
so  adjusted  that  the  level  of  the  liquid  in  the  test  tube  remained 
constant.  The  movements  of  the  tube  as  it  filled  with  blood  were 
recorded  upon  a  kymographion  upon  which  also  a  time  record  in 
seconds  was  taken  simultaneously.  As  the  movement  downward  of 
the  test  tube  was  constant  and  could  be  calibrated  beforehand,  data 
were  obtained  for  calculating  exactly  the  volume  and  the  velocity  of 
the  outflow  from  the  brain. 

In  performing  an  experiment  two  reservoirs  were  connected  with 
the  inflow  cannulas ;  one  of  these  was  placed  at  a  sub-normal  level  of 
from  30  to  60  mm.  of  mercury,  while  the  other  was  at  a  height 
sufficient  to  cause  a  pressure  of  from  3CX5  to  5CX5  mm.  Hg.  The 
pinchcocks  connected  with  the  lower  reservoir  were  first  opened  and 
the  rate  of  flow  was  determined  at  this  level.  This  pressure  was  then 
changed  suddenly  to  the  higher  level  by  opening  the  pinchcock 
connected  with  the  upper  reservoir  and  closing  the  one  on  the 
tubing  from  the  lower  reservoir.  The  pressure  was  then  brought 
back  to  the  original  amount  by  again  making  connections  with  the 
lower  reser\'oir.  The  experiment  was  usually  repeated  a  number  of 
times.  So  long  as  the  pressure  was  kept  low.  the  rate  of  out-flow 
remained  constant  or  nearly  constant  for  some  time,  but  exposure 
to  the  very  high  pressures  brought  about  quickly  an  oedematous 
condition  of  the  brain  which  diminished  markedly  the  total  outflow 
or  might  even  suppress  it  entirely  when  the  arterial  pressure  was 
subsequently  lowered. 

The  direct  results  of  the  sudden  change  from  sub-normal  to  supra- 
normal  blood  pressures  were,  however,  the  same  in  all  cases;  the 
venous  outflow  was  increased  at  once  to  a  proportional  amount,  and 
there  was  never  any  indication  on  the  record  of  even  a  temporary 
blocking  of  the  flow  through  the  brain.  The  circulation  through 
the  brain  under  these  conditions  behaves  in  fact  precisely  as  it  does 
in  the  other  organs  of  the  body  that  are  not  enclosed  in  rigid  cases. 

The  nature  of  the  results  obtained  are  indicated  bv  the  accom- 
panying  figures  (bigs,  i  and  2)  which  are  reproduced  from  the 
curves  of  two  of  the  experiments.  Kxamplos  of  the  actual  amounts 
of  outflow  as  calculated  from  the  records  are  as  follows :  — 

Exp.  I.  Small  doj;  —  blotl  to  death  — bliMxi  deti Urinated  (140  c.c.)  and  mixed 
with  equal  volumes  ol  normal  saline  and  Rins;er  s  solution  to  make  4  litres. 
Inflow  cannulas  placed  in  the  vertebrals,  outflow  cannulas  in  the  superior  cerebral 
veins  just  at  their  emergence  fri^m  the  skull. 
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Arterial  pressure  of    30    mm.  mercury  =  outflow  of      7.02  c.c.  per  min. 

li  4*  t4  60  "  **  =  *'  "  18.0^        *'  **  " 

44  .»  i.        ^gQ  44  4*  __  44  44        102.66        "  **  ** 

44  .4  t.  ^o  *'  •*  ^^  44  44  10. 2A        **  **  ** 

2d  series  of  observations  on  the  same  animal. 
Arterial  pressure  of    60    mm.  mercury  =  outflow  of    9.65  c.c.  per  min. 

44  44         44   ^QQ      (4  44       __      4.        44    85.14  **      **      ** 

»«  *4  44  ^  44  (4  ^^_  44  .4  C    8c        "  **  " 

Exp.  2.  Small  dog  —  bled  to  death  from  carotid  —  blood  defibrinated  (i 30  c.c.) 
and  mixed  with  equal  volumes  of  Ringer's  solution  and  normal  saline  to  make 
5  litres.  Inflow  cannulas  placed  in  the  vertebrals,  outflow  cannulas  in  the  external 
jugulars  after  ligating  all  branches  except  the  superior  cerebrals. 

Arterial  pressure  of    30    mm.  mercury  =  outflow  of     5.26  c.c.  per  min. 

»4  44  ..        122  **  '*  »4  44         -J  4     r'y       44  44  it 

•4  *•  »»  ^o  *•  **  »4  44  2    22       **  **  ** 

2d  series  of  observations  on  the  same  animal. 
Arterial  pressure  of     50    mm.  mercury  =  outflow  of    2.57  c.c.  per  min. 

(i  44  44    '97  c       *'  "       44         4.    .^Q    2   44      44       (4 

44  44         44      rQ  4(  44       __      44        .4      I  [  7   *^      ^*      ** 

Exp.  3.  Large  dog  —  bled  to  death  from  the  carotids.  For  irrigating  used 
freshly  defibrinated  blood  of  young  calves  filtered  first  through  a  single  layer  of 
muslin  and  then  through  four  layers  of  the  same.  Inflow  cannulas  in  the  vertebrals, 
outflow  cannulas  in  the  superior  cerebral  veins  at  their  emergence  from  the  skull. 
Mercury  manometers  were  also  connected  with  the  torcular  and  with  the  sub-dural 
space  at  the  parietal  eminence  through  trephine  holes  in  the  skull. 

Arterial   pressure  of  60  mm.     mercury  ^  outflow  of    23.4    c.c.  per  min. 
A  second   determination   5    min.    later  =      "        "     22.23 
Arterial  pressure  of  335  mm.    mercury  =      **        "  231.66     **      ** 
Rise    of    pressure    in    torcular    cannula  =136  mm.  of  mercury. 

"        "  "  "     cannula  in  sub-dural  space  =  30  mm.  mercury. 

Arterial   pressure  of  60  mm.    mercury  =  outflow  of    14.66  c.c.  per  min. 
2d  series  of  observations  on  the  same  animal  —  the  flow  meanwhile  had  dimin- 
ished greatly,  owing  to  leakage. 

Arterial  pressure     60  mm.    mercury  =  outflow   of       1.74  c.c.  per  min. 

"  •  "        460      "  "        =       "         "   252.72    "       **     ** 

Pressure  in  torcular  increased  52  mm.  mercury. 

"  **  sub-dural  space  increased  20  mm.  mercury.  The  want  of  corre- 
spondence between  the  intracerebral  and  torcular  pressures  was  evidently  due  to 
the  brain  being  forced  into  the  trephine  hole  in  the  case  of  the  former,  thus  block- 
ing off  the  manometer. 

Exp.  4.  Small  dog  —  bled  to  death  from  carotid.  Irrigation  liquid  was  blood 
of  young  calves  carefully  filtered.  This  blood  had  been  kept  over  night  and  had 
frozen.  This  fact  probably  accounts  for  the  unusually  rapid  diminution  in  flow  as 
the  experiment  proceeded,  the  red  corpuscles  not  passing  readily  through  the 
capillaries  and  clogging  them.  Inflow  cannulas  in  the  subclavians,  ligatures  being 
so  placed  as  to  leave  an  open  path  only  to  the  vertebrals  ;  outflow  cannulas  in  the 
5uperior  cerebral  veins  at  their  emergence  from  the  skull. 
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Arterial  pressure    60  mm.  mercury  ^outflow  not  measurable  with  accuracy. 

"               "         190      ■'  '■        =        "       of             28.08  c.c.  per  min. 

320      ■'  "        =       "         "             47.38   "      "      " 

2d  series  on  the  same  animal. 

Arterial  pressure  of    Co  mm.  mercurj-  ^  outflow  not  measurable  with  accuracy. 

"             •■        "  400    "  "        =i       "      of           42.12  c.c,  per  min. 

"              "        '■   joo    "  "        =       "        "            JO.02   "     "     ■■ 


Fig,  I.     Record  of  venous  outflow  from   brain   under  arterial  pressures  of  60  mm., 
380  mm.,  and  60  mm. 

Under    60   mm.   Hg.  the  outflow=   l8.:3  c,c.  per  min. 

"        380      '  ■•       =102.66 

Return  to      60      "       "      "  "       =   10,24   "      "      " 

The  time  record  at  the  top  of  the  illustration  is  in  seconds. 

It  is  evident  from  the  data  given  that  in  all  the  experiments  made, 
the  blood-flow  through  the  brain  diminished  as  the  experiment  pro- 
ceeded, and  this  effect  was  most  marked  after  the  blood  vessels  had 
been  submitted  to  very  high  pressures.  The  probable  explanation  of 
this  fact  is  that  the  dead  capillary  walls  permitted  a  rapid  filtration 
of  liquid,  which  rendered  the  brain  cedematous.     This  condition,  in- 
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deed,  was  apparent  to  the  eye  when  the  brain  was  exposed  after 
submission  to  the  higli  intravascular  pressures.  Tliis  variation  from 
normal  conditions  does  not,  however,  affect  the  value  of  the  experi- 
ments so  far  as  the  main  point  under  investigation  is  concerned.     The 


FlCj.  3.    Record  of  venous  outflow  from  brain  under  arterial  pressures  of  60  mm. : 
tfio  mm.     (fd  experiment.) 

Under  60   mm.  Hg.  the  oulfloHr=      1.74  c.c.  pec  min. 
"     460     "      "      "  "      =i5a.72    ■'      '■      - 

The  irregularity  in  the  lieginniiig  of  ttie  curve  showing  ttie  outflow  under  460  n 
arterial  pre!i<iure.  i.t  owing  to  a  stoppage  of  the  drum,  a.->  will  be  seen  by  con^tulting 
time-record  above  it. 
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brain  was  still  in  the  unopened  cranium,  and  the  physical  conditions, 
which  have  been  supposed  to  cause  a  compression  of  the  veins  and  a 
temporary  or  permanent  slowing  of  the  blood-flow  when  the  arterial 
pressure  is  suddenly  raised  to  supra-normal  levels,  still  prevailed. 
Indeed,  the  cedematous  condition  of  the  brain  should  have  exag- 
gerated this  effect  instead  of  counteracting  it.  Nevertheless, 
the  records  show  that  in  all  cases  where  the  arterial  pressure  was 
suddenly  raised  to  as  much  as  Apo  or  5CX)  mm.  of  mercury,  the 
outflow  of  blood  from  the  cerebral  veins  increased  promptly,  and 
there  was  no  indication  at  all  of  even  a  temporary  blocking  of  the 
flow. 

When  we  consider  this  fact,  together  with  the  results  obtained  by 
several  authors  upon  the  outflow  in  living  animals  in  which  the  arterial 
pressure  was  raised  by  action  upon  the  vaso-motor  mechanisms,  it 
seems  justifiable  to  conclude  that  the  blood-flow  through  the  brain  is 
always  increased  by  a  rise  of  arterial  pressure,  no  matter  how  great 
or  how  sudden  this  rise  may  be,  and  that  a  compression  of  the  veins 
sufficient  to  block  or  temporarily  impede  the  blood-flow  as  a  direct 
result  of  a  sudden  rise  in  pressure  in  the  cerebral  arteries  is  physically 
impossible.  The  author  can  indorse  the  conclusion  drawn  by  Reiner 
and  Schnitzlcr  from  their  experiments  that  a  rise  of  pressure  in  the 
cerebro-spinal  liquid  due  to  increase  of  arterial  pressure  cannot 
exceed    the  simultaneous    intravenous    pressure. 

Obviously  the  authors  who  have  arrived  at  an  opposite  con- 
elusion  have  erred  somewhere  in  the  theoretical  premises  upon  which 
their  argument  was  based.  A  satisfactory  treatment  of  all  the 
physical  factors  involved  in  the  statics  and  dynamics  of  the  blood- 
flow  through  the  brain  is  most  difficult,  and,  perhaps,  impossible  in 
the  present  condition  of  our  knowledge;  but  it  seems  to  the  author 
that  in  the  theoretical  considerations  of  the  subject  met  with  in 
physiological  literature,  some  factors,  which  explain  in  large  meas- 
ure the  contradiction  between  the  experimental  and  theoretical 
conclusions,  have  been  more  or  less  overlooked.  In  the  first 
place  the  view  distinctly  announced  by  some  authors  and  tacitly 
assumed  by  others  that  arterial  expansion  causes  a  compression  of 
the  large  venous  sinuses  of  the  brain  seems  to  the  author  to  be 
entirely  inadmissible.  Grashey  calls  attention  to  the  anatomical 
facts  that  make  this  view  improbable.  The  venous  sinuses  are 
covered  by  layers  of  the  incxtensible  dura  mater  tightly  stretched 
in  some  cases  across  bony  channels.      Any  one  who  examines  the 
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condition  of  these  membranous  walls  in  a  fresh  skull  will  be  impressed 
with  the  opinion  stated  by  Grashey,  that  the  resistance  to  compression 
at  these  places  must  be  so  great,  as  compared  with  the  cerebral  veins 
that  open  into  the  sinuses,  that  any  local  or  general  increase  of  intra- 
cranial pressure  must  affect  only  the  smaller  veins.  It  seems  to  me, 
in  fact,  that  the  walls  of  the  sinuses  are  practically  incompressible,  and 
that  their  existing  structure  is  a  beneficent  adaptation  to  prevent  any 
interference  with  the  venous  outflow  arising  from  arterial  expansion, 
since  the  venous  system  is  thereby  protected  from  compression  at  the 
point  where  its  total  cross  area  would  be  least,  and  intravascular 
pressure  at  its  lowest,  and  where  compression  might  most  seriously 
affect  the  venous  flow. 

I  have  attempted  to  demonstrate  experimentally  the  practical 
incompressibility  of  the  large  sinuses,  but  the  method  that  I  have  used 
and  which  was  the  only  one  that  seemed  to  be  conclusive,  developed 
so  many  technical  difficulties  that  I  have  attained  so  far  only  partial 
success.  The  method  was  simple  in  idea,  but  somewhat  difficult  of 
execution.  It  consisted  in  first  removing  the  brain  entirely  by  washing 
out  the  tissue  through  the  foramen  magnum  and  a  trephine  hole  in 
the  parietal  bone.  A  flexible  rubber  catheter  was  then  taken,  and 
upon  one  end  was  tied  a  delicate  bag,  made  usually  from  the  outer 
coats  of  the  intestine  of  a  frog.  The  catheter  and  bag  were  filled 
with  water  from  a  pressure  flask  so  as  to  displace  all  the  air,  and  the 
catheter  was  connected  by  tubing  filled  with  water  with  a  water 
manometer  of  barometer  tubing.  The  catheter  and  bag  were  then 
introduced  into  the  transverse  sinus  through  the  opening  of  the 
superior  cerebral  vein  in  the  case  of  the  dog,  or  through  the  internal 
jugular  when  the  human  skull  was  used.  After  the  catheter  was  in 
position,  the  pressure  in  the  water  manometer  connected  with  it  was 
raised  sufficiently  to  distend  the  bag  and  make  it  lie  against  the  mem- 
branous walls  of  the  sinus.  Meanwhile  the  skull  had  been  filled  with 
water,  the  foramen  magnum  tightly  closed  off  by  a  rubber  stopper 
inserted  in  the  sheath  of  the  dura  mater,  and  the  trephine  hole  in  the 
parietal  bone  connected  properly  with  a  mercury  manometer  and  a 
pressure  flask.  By  means  of  the  latter  the  pressure  within  the  skull 
was  raised  or  lowered  suddenly  to  any  desired  extent,  and  the  effect  of 
this  variation  in  pressure  upon  the  walls  of  the  transverse  sinus  should 
have  been  indicated  by  the  manometer  connected  with  the  catheter 
lying  in  the  sinus. 

The  experiments  of  this  character  made  upon  human  skulls  were 
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not  successful  owing  mainly  to  the  fact  that  the  skulls  were  obtained 
from  cadavers  used  in  the  dissecting  room,  and  the  dura  mater  was 
so  altered  as  to  strip  away  easily  from  the  bone.  In  the  human  skull 
also  there  is  very  great  difficulty  in  getting  the  catheter  through  the 
internal  jugular  into  the  transverse  sinus  owing  to  the  curvature  of 
the  channel.  In  the  dog's  skull  the  main  difficulty  lies  in  the  fact 
that  the  transverse  sinus  throughout  most  of  its  extent  lies  in  the 
bone,  only  a  small  portion  of  it  near  the  torcular  having  a  membra- 
nous wall.  In  other  animals,  such  as  the  calf  and  sheep,  the  transverse 
sinuses  have  bony  walls  throughout  their  entire  course.  Another 
difficulty  consists  in  the  fact  that  the  openings  of  the  cerebral  veins 
into  the  sinuses,  particularly  into  the  superior  longitudinal  sinus,  are 
protected  by  dura  mater  so  as  to  remain  patent  after  washing  out 
the  brain,  and  thus  make  a  free  channel  of  communication  between 
the  skull  cavity  and  the  system  of  sinuses.  This  difficulty  can  be 
obviated  by  trephining  into  the  torcular  and  closing  off  the  sinuses 
with  the  exception  of  the  transverse  sinus  used  in  the  experiment. 
Still  another  obstacle  is  found  in  the  fact  that  water  will  filter  through 
the  dura  mater  under  high  pressures,  but  the  rise  of  pressure  in  the 
sinuses  thus  produced  is  gradual  and  quite  different  from  the  sudden 
rise  which  would  occur  if  the  walls  of  the  sinus  were  compressed  by 
a  quick  increase  of  pressure  in  the  skull  cavity. 

In  one  experiment  of  this  kind  made  upon  the  dog's  skull  —  and 
in  which  subsequent  dissection  showed  that  the  bag  upon  the  end 
of  the  catheter  lay  properly  in  the  membranous  portion  of  the  sinus, 
it  was  found  that  an  increase  in  pressure  within  the  skull  up  to 
500  mm.  of  mercury  caused  not  the  slightest  change  in  the  level 
of  the  manometer  connected  with  the  catheter.  This  experiment 
seemed  to  show  quite  positively  that  the  membranous  walls  of  the 
transverse  sinus  cannot  be  compressed  by  intracranial  pressures  as 
high  as  500  mm.  of  mercury.  Unfortunately  corroborative  results 
could  not  be  obtained  upon  the  more  favorable  human  skull  owing 
to  lack  of  appropriate  material.  But  to  the  author's  mind  at  least 
the  anatomical  structure  of  the  sinuses  and  the  physical  character- 
istics of  their  walls  are  sufficiently  conclusive  in  showing  that  normal 
or  supra-normal  variations  in  intracranial  pressure  cannot  affect  the 
calibre  of  these  channels,  particularly  when  we  remember  that  the 
system  of  cerebral  veins  opening  into  the  sinuses  offers  a  relatively 
very  low  resistance  to  compression.  As  between  the  cerebral  veins 
and    the  cerebral   capillaries  the  lower  internal  pressure  prevailing 
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within  the  former  would  seem  to  ensure  that  a  general  rise  of  intra- 
cranial pressure  must  affect  the  veins  first. 

With  every  increase  in  arterial  pressure  there  is  a  tendency  to  the 
expansion  of  the  cerebral  arteries,  but  this  expansion  is  only  possible 
when  a  corresponding  amount  of  liquid  is  forced  out  of  the  brain, 
the  substance  of  the  brain  itself  being  practically  incompressible. 
A  clearer  understanding  of  the  conditions  in  the  brain  has  led  most 
authors  to  believe  that  room  for  a  sudden  expansion  of  the  arteries 
is  made  in  one  of  two  ways,  either  by  forcing  out  the  cerebro-spinal 
liquid  into  the  spinal  cavity,  or  by  a  corresponding  compression  of 
the  cerebral  veins.  With  regard  to  the  former  of  these  two  possibili- 
ties exact  evidence  is  lacking  of  the  extent  to  which  it  can  compen- 
sate for  arterial  expansion,  but  the  facts  in  our  possession  would  seem 
to  indicate  that  it  plays  a  minor  part.  Hill  has  called  attention  to 
the  fact  that  normally  the  quantity  of  liquid  in  the  sub-dural  and  sub- 
arachnoid spaces  is  very  small,  and  that  under  moderate  expansion 
this  is  expressed  into  the  spinal  canal,  where  room  is  made  for  it  by 
expansion  of  the  vertebral  ligaments  and  the  possibilities  of  leakage 
through  the  sheaths  of  the  spinal  nerves.  With  a  further  increase  of 
arterial  pressure  expansion  becomes  impossible  unless  there  is  a 
corresponding  compression  on  the  venous  side,  and,  as  we  have  seen, 
this  compression  should  affect  first  the  smaller  cerebral  veins. 

That  compression  of  these  veins  happens  even  before  the  cerebro- 
spinal liquid  is  entirely  expressed  seems  to  be  proved  by  the  occur- 
rence of  a  pulse  in  the  cerebral  veins  coincident  with  the  arterial  pulse. 
This  venous  pulse  has  been  noticed  by  a  number  of  authors.  I  have 
also  observed  and  recorded  it  a  number  of  times  both  in  the  outflow 
from  the  superior  cerebral  veins  and  from  the  torcular  Herophili.  It 
would  seem  that  this  pulse  can  be  accounted  for  in  one  of  two  ways 
only.  It  is  caused  by  a  wave  of  pressure  transmitted  through  the 
capillaries,  or  it  results  from  a  compression  of  the  veins  following 
upon  arterial  expansion.  In  the  former  case  there  should  be  a 
measurable  interval  between  the  time  of  appearance  of  the  pulse  in 
the  circle  of  Willis  and  in  the  efferent  veins ;  in  the  latter  case  the 
pulse  should  be  practically  simultaneous  in  the  arteries  and  veins. 
To  determine  this  point  I  have  made  simultaneous  records  of  the 
pulse  in  the  arteries  and  veins.  The  arterial  pulse  was  measured  in 
the  circle  of  Willis  by  means  of  a  Hiirthle  spring  manometer  connected 
with  the  head  end  of  the  internal  carotid;  the  venous  pulse  was 
recorded  by  a  delicate  manometer  constructed  on  the  principle  of 
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a  Hiirthlc  membrane  manometer  and  connected  with  the  torcular 
Herophili.  This  connection  was  made  by  means  of  a  brass  tube 
screwed  into  a  trephine  hole  made  into  the  torcular  and  filled  with 
sodium  carbonate  solution. 

A  specimen  of  the  record  thus  obtained  is  given  in  the  accompany- 
ing illustration. 


FlO.  3-  SimuUancous  record  of  (he  piilw  wave  in  the  lorciilar  and  hi  ihe  circle  of  Willis 
(lhrout;h  ihe  inlernal  carulid).  'I'he  upper  curve  records  the  pulse  in  the  torcular, 
the  lower  that  in  the  circle  of  Willis. 

It  was  found  that  the  two  pulse  waves  occurred  nearly  simulta- 
neously, and  that  in  cases  in  which  any  difference  in  time  was  detectable 
the  venous  pulse  slightly  preceded  the  arterial  pulse,  the  maximum 
difference  in  extreme  cases  being  as  much  as  o.oi  of  a  second.  This 
difference  is  sufficiently  accounted  for  by  the  stretch  of  elastic  artery 
(internal  carotid)  extending  from  the  circle  of  Willis  to  the  point  in 
the  neck  where  the  arterial  manometer  was  inserted.  These  experi- 
ments seem  to  indicate  that  the  venous  pulse  is  not  transmitted  through 
the  capillaries,  but  is  due  to  a  positive  wave  of  pressure  transmitted 
through  the  brain  substance  by  the  expanding  arteries.  This  being 
the  case  it  follows  (7 /frtw/ that  a  greater  general  expansion  of  the 
arteries  of  the  brain  following  upon  a  large  rise  of  arterial  pressure 
should  be  accompanied  bj'  a  corresponding  compression  of  the  veins. 
This  is  the  view  that  Grashey  and  others  have  taken,  and  that  has  led 
them  to  the  apparently  logical  conclusion  that  a  large  rise  of  arterial 
pressure  should  result  in  a  compression  of  the  veins  sufficient  to 
occlude  them  temporarily  and  thus  diminish  the  volume  of  the  blood- 
flow.  The  experiments  recorded  in  this  paper,  however,  show  that 
this  conclusion  is  not  justifiable.  The  venous  outflow  is  not  impeded 
even  temporarily  b\'  a  sudden  rise  of  arterial  pressure  as  great  as 
500  mm.  of  mercury.  It  remains  for  us  to  explain  therefore  this 
apparent  discrepancy. 

Granting  fully  that  expansion  of  the  arteries  causes  at  once  a  rise 
of  intracranial  pressure  sufficient  to  compress  the  veins,  the  fact  that 
the  blood-flow  is  not  thereby  momentarily  impeded  may  be  explained 
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by  two  considerations.  In  the  first  place  in  any  vascular  region  the 
total  cross  area  of  the  veins  exceeds  that  of  the  arteries,  so  that  an  ex- 
pansion of  the  arteries,  if  accompanied  by  a  resulting  symmetrical 
compression  of  the  veins,  would  be  distributed  over  a  larger  cross 
section  and  result  in  a  relatively  smaller  diminution  in  calibre  of  the 
single  veins.  This  consideration  in  the  case  of  the  brain  is  rendered 
more  important,  perhaps,  by  the  fact  that  the  venous  system  at  its 
termination,  namely,  in  the  sinuses,  is  protected  from  external  com- 
pression. The  narrowing  of  the  veins  occurs,  therefore,  in  the 
relatively  wide  area  of  the  small  veins,  and  although  the  total  com- 
pression of  the  veins  must  equal  the  total  expansion  of  the  arterial 
stems,  the  narrowing  of  the  single  venous  channels  is  slight,  appar- 
ently too  slight  to  cause  a  perceptible  obstruction  to  the  blood  flow. 
In  the  second  place  the  curve  of  extension  of  the  elastic  arterial  walls 
under  increasing  pressures  within  follows  the  general  law  of  extensi- 
bility for  muscular  tissue,  showing  a  gradually  decreasing  extension 
for  increasing  increments  of  pressure.  As  the  arterial  pressure 
increases,  therefore,  the  expansion  of  the  arterial  walls  becomes 
rapidly  less,  the  arteries  approach  nearer  and  nearer  to  the  condition 
of  rigid  tubes,  and  the  compression  of  the  veins  is  correspondingly 
less  important.  These  considerations  suffice  to  explain  why  an 
actual  occlusion  of  the  veins,  such  as  Grashey  assumed,  cannot 
possibly  occur,  and  they  explain  also,  perhaps,  why  not  even  a 
perceptible  momentary  blocking  of  the  venous  flow  is  obtained 
under  normal  and  experimental  conditions. 

As  to  the  permanent  effects  of  arterial  expansion  upon  the  resist- 
ance to  the  flow  in  the  veins,  several  authors  have  demonstrated  quite 
clearly  that  even  though  the  compression  of  the  veins  were  sufficient 
to  bring  about  a  marked  resistance  to  the  blood-flow,  this  eff*ect  could 
only  be  temporary,  inasmuch  as  the  rise  of  static  pressure  within  the 
capillaries  and  veins  must  always  be  more  than  sufficient  to  again 
expand  the  veins.  HilP  has  expressed  this  view  in  the  following 
language :  **  The  veins  and  capillaries,  therefore,  again  become 
patent,  because  arterial  pressure  transmitted  directly  is  obviously 
greater  than  arterial  pressure  minus  the  tension  of  the  arterial  wall 
transmitted  through  the  brain  substance."  This  author,  however, 
admits  that  **  if  the  cerebral  arteries  suddenly  expand  beyond  a 
certain  limit,  a  process  of  temporary  self-strangulation  of  these 
vessels  (veins  and  capillaries)  takes  place.  The  circulation  itself  for 
a  short  time  stops,  and  the  symptoms  of  acute  cerebral  anaemia  arc 
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produced."  This  conclusion,  as  I  understand  it,  is  based  entirely 
upon  theoretical  grounds,  and  my  experiments  show  that  it  is  not 
correct,  if  it  is  assumed  that  the  arterial  expansion  results  from  a  rise 
of  intravascular  pressure. 

The  general  conclusion,  which  seems  to  me  to  follow  from  the 
experiments  given  in  this  paper,  is  that  a  rise  of  pressure^  however 
great,  in  the  cerebral  arteries  does  not  cause  directly  any  impediment  to 
the  blood-flow  eitlur  temporarily  or  permanently.  The  circulation  in  the 
brain  behaves  in  this  respect  precisely  as  it  does  in  the  other  organs  of 
the  body;  the  greater  the  arterial  pressure  the  more  abundant  is  the  flow 
of  blood,  and  temporary  ancemia  cannot  be  produced  in  this  way. 

If  it  is  found  experimentally  that  a  sudden  great  rise  of  arterial 
pressure  causes  an  injurious  effect  upon  the  brain,  this  result  cannot 
be  attributed  to  the  direct  production  of  a  temporary  cerebral  anaemia. 
We  can  imagine  that  under  these  conditions  the  functional  activity  of 
the  brain  might  be  interfered  with  for  one  of  two  reasons.  It  is  pos- 
sible, in  the  first  place,  that  the  resulting  rise  of  intracranial  pressure 
might  affect  the  brain  tissues  directly ;  or,  secondly,  a  rapid  accumu- 
lation of  lymph  might  take  place  within  the  brain,  which,  for  a  time, 
would  impede  the  blood-flow,  particularly  after  arterial  pressure  had 
again  fallen.  There  is  not  much  probability,  however,  that  this  latter 
effect  could  occur.  Bergmann  ®  found  that  injecting  defibrinated  blood 
at  high  pressures  (8cx^i200  mm.  Hg.)  into  the  cerebral  vessels  of 
a  horse  caused  no  distinct  increase  in  the  lymph-flow,  and  several 
observers  have  shown  that  in  other  organs  arterial  hyperaemia  alone 
is  not  necessarily  followed  by  an  increased  formation  of  lymph. 
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THE   RECOVERY   OF  THE    HEART  FROM   FIBRILLARY 

CONTRACTIONS. 

By  W.  T.  porter. 
[From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School.] 

THE  earlier  experimenters  on  the  coronary  arteries  described  an 
apparently  fundamental  difference  between  the  dog  s  heart  and 
the  rabbit's  heart.^  The  heart  of  the  rabbit  was  found  to  recover 
easily  from  fibrillary  contractions  brought  on  by  the  sudden  closure  of 
a  large  coronary  artery,  by  mechanical  injury,  or  by  electrical  excita- 
tion; but  the  dog's  heart  never  recovered,  either  spontaneously,  or 
when  attempts  at  assistance  were  made  by  massage  of  the  ventricle, 
stimulation  of  the  ventricle  with  single  induction  shocks,  or  excitation 
of  the  vagus.  The  improbability  of  so  great  a  difference  between  the 
hearts  of  two  nearly  related  animals  has  not  been  able  to  outweigh 
the  failure  of  these  efforts  to  revive  the  dog's  heart,  and  the  idea  that 
the  heart  of  the  rabbit  and  the  dog  are,  in  this  respect,  radically  un- 
like, has  obtained  a  wide  acceptance. 

It  is  somewhat  strange  that  the  belief  in  the  fatal  nature  of  fibrillary 
contractions  in  the  dog  should  have  become  so  fixed  in  the  face  of 
MacWilliam's  positive  statement  that  recovery  can  take  place.  Al- 
most ten  years  ago  MacWilliam,^  in  his  refutation  of  Kronecker  and 
Schmey's^  hypothesis  that  fibrillation  was  caused  by  the  destruction 
of  a  coordinating  centre  located  in  the  interventricular  septum  near 
the  junction  of  the  upper  and  middle  thirds,  wrote  as  follows :  **  There 
is  conclusive  evidence  that  all  cases  of  fibrillar  contraction  of  the 
ventricle  cannot  be  explained  by  such  an  hypothesis  —  the  destruc- 
tion of  a  coordinating  centre  localized  as  indicated  above.  The  fact 
that  recovery  may  take  place  —  that  the  ventricles  may  resume  their 
coordinated  rhythm,  controverts  the  idea  of  the  actual  destruction  of 
a  centre  essential  for  coordination.     Such  recovery  I  have  witnessed 

^  The  literature  of  this  subject  is  reviewed  by  W.  T.  Porter,  Journ.  of  physiol., 
1894,  XV,  pp.  121-138;  and  Journ.  of  exper.  med.,  1896,  i,  pp.  46-70. 
*  MacWilliam:  Journ.  of  physiol.,  1887,  viii,  pp.  296-310. 
«  Kronecker  and  Schmey:   Sitz.-Ber.  der  Akad.  d.  Wiss.  zu  Berlin,  1884, 

p.  87. 
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in  several  instances  in  the  dog's  heart  and  in  a  very  large  number  of 
instances  in  the  hearts  of  other  animals  (cat,  rabbit,  rat,  mouse,  hedge- 
hog and  fowl).  Recovery  occurs  with  different  degrees  of  facility  in 
different  animals  and  in  different  conditions  in  the  same  animal.  In 
the  dog,  recovery  occurs  with  much  difficulty  and  only  after  the 
fibrillar  contraction  has  lasted  for  a  considerable  space  of  time; 
indeed,  there  very  frequently  is  no  recovery  apparent  —  the  ventricle 
may  not  recommence  beating  after  the  incoordinated  quivering  move- 
ment has  ceased.  At  times,  however,  a  number  of  regular  beats  are 
seen  after  the  termination  of  the  fibrillar  contraction.  ...  In  young 
mammals,  fcetal  or  after  birth,  recovery  appears  to  be  the  rule ;  the 
fibrillar  movement  is  only  a  temporary  condition,  and  soon  gives 
place  to  normal  beats"  (p.  299). 

The  neglect  of  MacVVilliam's  observations  by  many  subsequent 
writers  is  perhaps  to  be  explained  by  their  tacit  assumption  that 
fibrillary  contractions  produced  by  electrical  excitation,  —  the  agent 
used  by  Mac  William  for  their  production,  —  are  not  the  same  as  those 
brought  on  by  mechanical  injury  or  by  suddenly  cutting  off  the  blood- 
supply,  so  that  recovery  from  the  former  does  not  necessarily  prove 
the  possibility  of  recovery  from  the  latter.  The  experiments  about 
to  be  described  will  show  that  this  assumption  has  no  foundation,  and 
that  the  heart  of  the  dog  recovers  from  fibrillary  contractions  pro- 
duced in  any  of  these  ways.  It  is  true  that  recovery  is  much  more 
easily  obtained  in  the  rabbit  than  in  the  dog,  but  the  difference  is 
merely  in  degree.  There  is,  with  regard  to  recovery  from  fibrillary 
contractions,  no  essential  difference  between  the  rabbit's  heart  and 
the  dog's  heart. 

In  pondering  the  cause  of  failure  in  the  many  previous  attempts  to 
resuscitate  the  heart,  the  following  considerations  became  prominent 
It  is  known  that  the  continued  coordinated  contractions  of  the  mam- 
malian heart  are  impossible  in  the  absence  of  a  supply  of  blood  to 
the  cardiac  muscle.  It  is  also  known  that  fibrillation  arising  from 
whatever  cause  must,  by  arresting  the  heart,  cut  off  what  has  always 
been  considered  the  only  source  of  blood-supply  to  the  cardiac 
muscle,  namely,  the  circulation  through  the  coronary  arteries.  The 
restoration  of  the  circulation  through  the  coronary  arteries  would 
seem,  therefore,  to  be  essential  to  the  restoration  of  continued  co- 
ordinated contractions;  yet  restoring  the  coronary  circulation  is  a 
means  of  treatment  that  has  thus  far  never  been  tried.  The  method 
of  attack,    then,    should  be  to   maintain   an   artificial    circulation  of 
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defibrinated  blood  through  the  coronary  arteries  of  the  fibrillating 
heart.^ 

But  at  this  point  it  was  remembered  that  the  rabbit's  heart  often 
recovers  spontaneously  from  fibrillation,  although  the  arrest  of  the 
ventricle  brings  the  blood-pressure  in  the  aorta  so  low  as  to  diminish 
greatly  the  circulation  through  the  coronary  arteries;  and  Mac 
William,  as  has  already  been  said,  saw  even  the  dog  heart  recover 
spontaneously.  How,  it  may  be  asked,  can  these  hearts  in  which 
the  coronary  circulation  was  so  much  reduced  have  recovered  with- 
out assistance,  if  the  blood  supply  through  the  coronary  arteries  is  so 
important  to  recovery?  An  answer  to  this  pertinent  question  is  fur- 
nished by  two  investigations  recently  made  in  this  Laboratory,  the 
first  of  which  establishes  the  fact  that  the  quantity  of  blood  necessary 
for  continued  coordinated  contractions  is  less  than  has  been  sup- 
posed, while  the  second  demonstrates  that  this  necessary  quantity 
can  be  supplied  to  the  ventricular  muscle  without  the  aid  of  the 
coronary  arteries. 

In  the  first  ^  of  these  investigations  the  intraventricular  pressure  and 
the  volume  of  the  coronary  circulation  in  the  isolated  heart  of  the  cat 
were  recorded  simultaneously.  It  was  found  that  the  left  ventricle 
would  contract  vigorously  and  for  many  minutes  even  when  the 
coronary  circulation  was  reduced  to  very  low  limits.  The  small 
blood-supply  on  which  a  good  intraventricular  pressure  and  a  regular 
beat  can  be  kept  up  is  surprising.  Reference  to  figure  i,  plate 
3  of  the  Paper  in  question,  will  show  that  admirable  contractions 
were  secured  with  about  3  c.c.  per  minute.  In  the  experiment  of 
March  13,  1896,  fair  contractions  were  seen  with  a  coronary  circula- 
tion of  less  than  one  cubic  centimetre  per  minute ;  but  this  heart  had 
been  isolated  a  long  time  when  the  observation  was  made.  These 
experiments  are  evidence  that  the  mammalian  heart  will  work  with  a 
blood-supply  hitherto  supposed  to  be  wholly  insufficient  for  contrac- 
tions, even  against  little  or  no  peripheral  resistance. 

The  second^  investigation  shows  this  fact  still  more  clearly,  and 
shows  beside  that  blood  for  continued,  coordinated  contractions  can 
be  obtained  without  the  aid  of  the  coronary  arteries.  In  this  re- 
search the  right  ventricle  of  the  excised  heart  of  the  cat  was  kept 
contracting  for  several  hours  with  no  other  blood-supply  than  that 

*  Porter  :  Journ.  of  exper.  med.,  1896,  i,  p.  69. 

*  Magrath  and  Kennkdy  :  Journ.  of  exper.  med.,  1897,  ii,  pp.  13-34. 
3  Pratt:  this  lournaL  i8q8.  i.  n.  86. 


Magrath  and  Kennedy  :  Journ. 
Pratt:  this  Journal,  1898,  i,  p.  86. 
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obtained  from  the  interior  of  the  right  ventricle  through  the  vessels 
of  Thebesius.     The  ventricle  is  tied  firmly  around  a  glass  tube  intro- 
duced  through   the   pulmonary  artery,   the   ligature  passing  below 
the  auriculo-ventricular  furrow  and  closing  both  veins  and  arteries. 
Defibrinated  cat's  blood  is  then  poured  into  the  tube  until  the  ven- 
tricle is  full  and  the  blood  stands  in  the  tube  at  a  height  of  one  or 
two  inches.     The  right  ventricle  will  now  begin  to  beat,  and,  if  one  of 
the  coronary  veins  on  the  surface  of  the  heart  is  incised,  a  slight  but 
constant  stream  of  blood  will  flow  from  the  interior  of  the  ventricle 
through  the  foramina  Thebesii  into  the  coronary  veins  and  out  of  the 
opening  on  the  surface  of  the  ventricle.     The  blood  becomes  venous 
in  its  course  through  the  heart  walls.     It  has  never  been  seen  to 
enter  the  coronary  arteries.     Only  that  ventricle  into  which  the  blood 
is  introduced  has  been  observed  to  beat ;   the  other  ventricle  remains 
inactive.     Ringer's  solution  fails  to  maintain  contractions.     A  ven- 
tricle that  has  fibrillated  violently  on  the  excision  of  the  heart  will 
often    resume    its    coordinated    contractions    when    a   circulation    is 
established  in  this  manner  through  the  vessels  of  Thebesius.     Thus 
the  nutrition  of  the  mammalian  heart  may  be  maintained  in  a  degree 
sufficient  for  long-continued,  rhythmic  contractions,  while  the  coro- 
nary arteries  are  empty. 

It  should  be  observed  that  the  state  of  the  ventricle  during  fibrilla- 
tion favors  this  mode  of  nutrition.  Measurements  taken  in  the  left 
ventricle  show  that  the  intracardiac  pressure  rises  at  this  time.^  The 
heart  becomes  greatly  distended.  Meanwhile,  the  pressure  in  the 
aorta  has  fallen  very  low,  the  ventricle  having  ceased  to  beat,  and,  in 
consequence,  the  pressure  in  the  coronary  vessels  is  also  very  low. 
Hence  the  passage  of  the  blood  through  the  vessels  of  Thebesius  into 
the  coronary  veins  is  doubly  aided :  on  the  one  hand,  by  the  rela- 
tively high  pressure  in  the  ventricle ;  on  the  other,  by  the  diminished 
resistance  in  the  coronary  vessels.  In  the  excised  heart  of  the  cat, 
an  intraventricular  pressure  of  two  inches  of  blood  will  drive  a  con- 
stant stream  through  the  vessels  of  Thebesius  into  the  coronary 
veins,  as  has  been  already  demonstrated,  and  the  intraventricular 
pressure  during  fibrillation  is  probably  greater  than  two  inches  of 
blood. 

It  should  be  noted  further  that  the  peripheral  resistance  against 
which  the  ventricle  must  work  as  it  recovers  from  fibrillation  is 
almost  nothing,  the  arterial  pressure  having  been  enormously  reduced 

^  Porter:  Journ.  of  physiol.,  1S94,  xv,  p.  132. 
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by  the  arrest  of  the  ventricle.  Thus  the  heart  just  recovering  from 
fibrillary  contractions  and  the  heart  removed  from  the  body  are  very 
much  alike  in  respect  to  the  resistance  against  which  the  ventricle 
works.  A  difference  in  this  resistance  cannot,  therefore,  be  urged 
against  the  conclusion  that  the  blood-supply  which  keeps  the  iso- 
lated heart  in  rhythmic  contraction  will  support  the  recovering  ven- 
tricle until  it  can  re-establish  the  circulation  through  the  coronary 
arteries. 

This  same  investigation  has  revealed  yet  another  way  in  which  the 
heart  muscle  may  be  nourished  without  the  aid  of  the  coronary  arte- 
ries. On  June  26,  1897,  a  cannula  was  tied  into  the  distal  end  of  the 
coronary  sinus  of  the  freshly  extirpated  heart  of  a  cat,  and  filled  with 
defibrinated  cat's  blood  to  a  height  of  about  12  cm.  Coordinated, 
regular,  and  complete  contractions  then  began.  The  blood  flowed 
from  the  coronary  veins  through  the  fine  connecting  vessels  into  the 
vessels  of  Thebesius  and  thence  into  the  cavities  of  the  heart,  chang- 
ing during  its  passage  from  arterial  to  venous.  No  blood  was  ob- 
served to  enter  the  arteries.  The  contractions  were  facilitated  by 
renewing  the  blood  in  the  cannula  from  time  to  time.  After  twenty- 
five  minutes  the  heart  fell  into  pronounced  fibrillation.  Five  minutes 
later  the  coordinated  contractions  were  resumed,  and  continued  with 
occasional  pauses  during  almost  half  an  hour.  Again  interrupted  by 
fibrillation,  they  again  returned,  and  both  fibrillation  and  recovery 
were  recorded  graphically  by  a  writing-lever  attached  to  the  apex. 
After  several  such  attacks  and  recoveries  the  heart  became  exhausted 
and  would  beat  no  more. 

The  distension  of  the  right  auricle  during  fibrillation  Is  even  more 
favorable  to  the  nutrition  of  the  heart  through  the  coronary  sinus 
than  is  the  distention  of  the  ventricles  and  auricles  to  the  nutrition 
through  the  vessels  of  Thebesius,  for  the  coronary  sinus  is  large  and 
its  valves  are  weak,  falling  back  before  the  pressure  of  a  few  inches 
of  blood  and  opening  thus  an  ample  way  to  vascular  areas  that  may 
not,  indeed,  be  truly  capillary,  but  are  none  the  less  composed  of 
vessels  thin-walled  enough  to  permit  of  nutrient  osmosis ;  else  why 
should  the  extirpated  heart  beat  for  hours  when  fed  in  this  manner, 
and  why  should  the  blood  that  enters  this  path  arterial  red  emerge  a 
venous  blue? 

It  is  therefore  a  mistake  to  suppose  that  the  feeding  of  the  heart 
muscle  is  wholly  interrupted  by  the  failure  of  the  circulation  in  the 
coronary  arteries  during  fibrillation  of  the  ventricle.     A  significant 
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supply  is  still  possible.  Usually  this  endocardiac  nutrition,  if  I  may 
term  it  so,  falls  below  the  required  amount,  and  fibrillation  continues 
to  the  end.  In  some  instances,  however,  the  endocardiac  nutrition  is 
sufficient,  and  the  coordinated  beat  returns.  But  these  unassisted 
recoveries  are  very  rare,  and  all  that  we  at  present  know  seems  to 
point  to  the  advantage  of  liberally  supplying  the  distracted  muscle 
with  defibrinated  blood. 

An  artificial  circulation  of  defibrinated  blood  through  the  coronary 
arteries  of  the  fibrillating  dog's  heart  was  therefore  established.  My 
method  of  experiment  was  as  follows:  The  animals  were  fully  anaes- 
thetized with  morphia  and  ether,  trachcotomized,  the  heart  and  blood 
vessels  exposed  by  the  resection  of  the  first  five  ribs  on  the  left,  and 
the  first  three  ribs  on  the  right  side,  and  a  cannula  placed  in  the  left 
subclavian  artery.  The  innominate  artery  was  then  ligated,  and  run- 
ning nooses  put  around  the  aorta,  just  distal  to  the  left  subclavian 
artery,  and  around  the  ramus  descendens  and  ramus  circumflexus  ot 
the  left  coronary  artery,  near  their  origin.  The  cannula  in  the  sub- 
clavian artery  was  connected  to  a  Mariotte's  flask  of  warmed  defibri- 
nated sheep  or  ox  blood,  placed  high  enough  to  give  a  pressure  of 
lOO  mm.  Hg.  in  the  aorta.  All  being  in  readiness,  the  nooses  around 
the  coronary  arteries  were  drawn  tight,  until  the  heart  fell  into  fibril- 
lary contractions.  These  arteries  were  then  freed,  the  noose  around 
the  aorta  drawn  tight,  the  stop-cock  between  the  subclavian  artery  and 
the  blood  flask  opened,  and  a  large  glass  tube  hastily  tied  into  the 
pulmonary  artery.  The  effect  of  these  procedures  was  to  cause  the 
aorta  to  fill  with  sheep's  blood  at  a  pressure  of  lOO  mm.  Hg. ; 
the  semilunar  valves  being  thereby  tightly  closed,  and,  every  outlet 
but  the  coronary  vessels  being  also  closed,  the  blood  passed  through 
the  coronary  vessels  into  the  right  heart,  whence  it  escaped  out  of  the 
pulmonary  artery  into  a  dish.  This  blood  was  then  beaten  with  a 
glass  rod,  filtered  through  glass  wool,  shaken  with  air  to  oxygenate 
it,  and   replaced  in  the  Mariotte's  flask. 

Eight  of  these  experiments  were  performed,^  the  first  on  March  7, 
1896,  and  the  last  on  April  23,  1896.  The  results  were  interesting, 
but  not  decisive.  The  character  of  the  fibrillation  was  always  modi- 
fied by  the  making  of  the  artificial  circulation  through  the  walls  of 
the  heart.  The  little  contraction  waves  which  cover  the  actively 
fibrillating  heart  were  replaced  by  large  undulations.     In  the  experi- 

^  These  experiments  were  done  with  the  assistance  of  Mr.  \V.  Tileston  and  Mr. 
E.  DeW.  Wales. 
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ment  of  March  21,  1896,  these  large  undulatory  movements  became 
at  times  almost  regular.  On  the  whole,  the  impression  made  was  that 
the  ventricles  were  often  on  the  point  of  resuming  their  coordinated 
contractions,  but  never  altogether  did  so.  Yet  it  seemed  each  mo- 
ment that  they  would  surely  beat. 

The  hope  of  ultimate  success  was  strengthened  by  several  encour* 
aging  observations.  The  first  was  the  success  which  attended  the 
effort  to  restore  coordinated  contractions  to  the  fibrillating  auricle. 
Thus,  in  one  dog,  the  heart  began  to  fibrillate  at  11.22  A.  M. ; 
the  defibrinated  blood  was  immediately  turned  on,  and  four  minutes 
later  the  right  auricle,  which  until  then  had  been  fibrillating  like 
the  rest  of  the  heart,  began  to  beat  in  an  apparently  normal  fash- 
ion. The  second  encouraging  circumstance  was  that  occasionally, 
though  rarely,  a  part  of  the  ventricle  would  contract  in  a  perfectly 
regular  manner,  while  the  remainder  of  the  heart  was  still  in  hopeless 
confusion.  The  part  which  thus  contracted  was  a  small  area  in  the 
right  ventricle  near  the  origin  of  the  pulmonary  artery.  The  third 
observation  was  made  April  13,  1896.  Pronounced  fibrillary  contrac- 
tions appeared  2 1 5  seconds  after  the  closure  of  the  ramus  circumflexus. 
The  defibrinated  blood  was  turned  on,  and  in  a  short  time  movements 
which  resembled  feeble  normal  contractions  were  seen.  Fifteen  min- 
utes after  the  beginning  of  fibrillation,  the  stop-cock  between  the 
blood  reservoir  and  the  aorta  was  turned  off,  and  the  supply  of  blood 
through  the  coronary  arteries  suddenly  checked.  Violent  fibrillary 
contractions  took  place  when  the  heart  was  thus  deprived  of  its  blood- 
supply.  On  restoring  the  circulation  two  minutes  afterward,  these 
gave  way,  and  an  almost  normal  beat  returned.  At  the  end  of  five 
minutes  the  circulation  was  again  interrupted,  and  tumultuous  fibrilla- 
tion again  appeared,  thus  showing  that  the  amount  of  fibrillation  was 
affected  by  the  blood-supply.  But  notwithstanding  these  various 
signs  that  success  was  near  at  hand,  no  further  progress  was  made  at 
this  time,  and  it  was  decided  to  wait  until  circumstances  made  it  pos- 
sible to  feed  the  dog's  heart  with  dog's  blood. 

While  the  experiments  just  described  were  making,  other  investi- 
gations,* on  the  isolated  heart  of  the  cat,  afforded  frequent  opportu- 
nities to  observe  the  easy  recovery  which  the  heart  of  that  animal  may 
make  from  fibrillation  of  long  duration.  When  the  isolated  heart  of 
the  cat  is  fed  through  the  coronary  vessels  with  defibrinated  cat's 
blood,  the  ventricles  usually  beat  in  a  fairly  normal  fashion.     Occa- 

^  Magrath  and  Kennedy:  Journ.  of  exper.  med.,  1897,  ii,  p.  14  and  p.  30. 
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sionally,  however,  strong  fibrillation  sets  in,  very  fatal  to  the  hopes  of 
the  inexperienced  operator.  But  if  the  experiment  is  faithfully  con- 
tinued, and  the  defibrinated  blood  kept  flowing  through  the  coronary 
vessels,  the  apparently  hopeless  ventricle  often  springs  suddenly  from 
its  "  delirium "  into  firm,  coordinated  beats.  In  one  of  the  experi- 
ments published  by  Magrath  and  Kennedy,  a  cat's  heart  showed 
marked  fibrillary  contractions  during  forty-five  minutes  and  then  fell 
into  regular,  normal  contractions,  which  continued  more  than  an  hour. 
It  was  difficult  to  believe  that  a  disturbance  often  so  transitory  in  the 
cat's  heart  should  be  always  irrevocably  fatal  in  the  dog. 

The  recovery  of  the  dog's  ventricle  from  fibrillary  contractions 
was  finally  accomplished  during  the  experiments  ^  which  led  to  my 
discovery  that  any  portion  of  the  extirpated  dog's  heart,  even  the 
**  ganglion-free  apex,"  will  usually  resume  its  coordinated  contrac- 
tions when  fed  with  the  dog's  own  blood  at  the  proper  temperature 
and  pressure. 

On  March  27,  1897,  ^  ^^g  weighing  10  kilogrammes,  anaesthetized 
with  morphia  and  ether,  was  bled  from  the  left  carotid  artery,  and  the 
blood  whipped,  strained  through  glass  wool,  and  diluted  with  an 
equal  volume  of  0.8%  normal  saline  solution.  Normal  saline  of  the 
same  strength,  made  with  tap  water,  and  having  a  temperature  of 
about  36°  C,  was  meanwhile  allowed  to  flow  into  the  right  jugular 
vein.  After  a  short  interval  the  dog  was  again  bled  from  the  carotid 
artery.  The  product  of  these  bleedings  was  mixed  and  placed  in  a 
reservoir  at  the  temperature  of  the  body.  The  heart  was  now  extir- 
pated, a  cannula  tied  into  the  ramus  descendens  of  the  left  coronary 
artery,  the  interventricular  septum  and  the  auricles  completely  cut 
away,  and  all  the  ventricle  removed  except  that  portion  supplied  by 
the  descendens  itself.  The  cannula  was  then  connected  to  the  reser- 
voir of  warm  blood  mixture,  and  the  piece  of  ventricle  perfused  with 
the  blood  at  a  constant  pressure,  which  to  begin  with  was  about  30 
mm.  Hg.,  but  which  was  afterwards  raised  to  90  mm.  Hg.  The  blood 
entering  the  cannula  was  bright  arterial  red ;  that  emerging  by  the 
coronary  vein  was  venous  blue.  In  a  few  moments  the  ventricle 
began  to  beat  with  great  vigor,  shortening  about  seven  millimetres  in 
vertical  diameter.  An  ordinary  muscle  lever,  magnifying  eight  times, 
and  weighted  with  40  grammes,  was  fastened  to  a  hook  thrust  through 
the  apex,  and  recorded  curves  about  50  mm.  in  height.  The  curves 
showed  some  irregularity  both  in  force  and  frequency.     The  ventricle 

^  Porter:  Journ.  of  exper.  med.,  1897,  ii,  pp.  391-404. 
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beat  more  rapidly  when  surrounded  with  blood  at  the  temperature  of 
the  body  than  at  room  temperature,  but  the  character  of  the  contrac- 
tions remained  unchanged.  At  i  P.  M.,  after  writing  curves  for  one 
hour,  the  ventricle  was  thrown  into  fibrillary  contractions  by  stroking 
its  surface  with  the  electrodes  of  a  du  Bois-Reymond  induction  coil 
(tetanic  stimulation).  Five  minutes  later  good  coordinated  contrac- 
tions returned.  Forty  minutes  thereafter  the  ventricle  was  thrown  a 
second  time  into  fibrillary  contractions,  from  which  it  soon  recovered. 
Two  and  three  quarter  hours  after  the  ventricle  began  to  beat,  the 
experiment  was  broken  off.  The  contractions  w^ere  by  this  time  very 
feeble,  but  still  unmistakably  coordinated. 

On  March  29,  1897,  ^  similar  experiment  was  made,  also  on  a  dog. 
When  the  heart  was  removed  from  the  body  and  the  "  apex  "  excised, 
the  whole  heart  fell  into  fibrillary  contractions.  The  right  ventricle 
recovered  from  these  without  assistance,  giving  a  few  coordinated 
beats ;  the  apex  recovered  on  being  fed  with  the  defibrinated  blood 
from  the  same  dog,  through  a  branch  of  the  descendens.  The  apex 
was  then  thrown  into  fibrillation  by  stroking  it  with  the  electrodes  of 
a  du  Bois-Reymond  inductoriuni  (hammer  in  action),  but  recovered 
speedily  even  when  very  strong  currents  were  used. 

The  following  day  the  heart  of  a  dog  was  removed  from  the  chest, 
and  most  of  the  left  ventricle  and  all  of  the  right  ventricle  and 
septum,  except  a  fringe  near  the  ranius  descendens  of  the  left  coro- 
nary artery,  were  cut  away.  During  the  cutting  of  the  heart,  strong 
fibrillation  appeared.  A  part  of  the  right  ventricle  soon  recovered 
spontaneously  from  this,  giving  a  few  fully  coordinated  beats. 

On  the  afternoon  of  this  day,  in  another  heart,  the  part  of  the  left 
ventricle  supplied  by  the  ramus  descendens  was  fed  through  this 
vessel  for  nearly  an  hour  without  a  pause  in  its  ceaseless  fibrillation, 
but  finally  a  brief  series  of  completely  coordinated  contractions  was 
observed. 

April  5,  1897,  ^  still  more  remarkable  recovery  was  noted.  The 
part  of  the  left  ventricle  (dog)  nearest  the  apex  was  removed  and  fed 
through  its  coronary  artery.  The  piece  thus  extirpated  was  10  mm. 
in  length.  When  good  coordinated  beats  were  secured,  a  powerful 
induction  current  was  applied,  throwing  the  perfused  apex  into 
fibrillation.  Recovery  took  place  in  a  few  seconds.  The  current 
was  at  one  time  so  strong  as  to  burn  the  heart  at  the  electrode  points. 
The  apex  was  now  laid  on  one  side  in  a  beaker  of  blood.  After 
about  an  hour,  the  apex  was  again  perfused,  and  well  coordinated. 
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but  feeble  contractions  secured.  Fibrillation  was  now  easily  produced 
with  the  induction  current  and  continued  a  long  time,  but  recovery 
at  last  took  place. 

Finally,  in  two  cases,  —  the  only  ones  in  cardiac  literature,  so  far  as 
I  am  aware,  —  the  dog's  right  ventricle  fibrillatcd  on  its  removal  from 
the  body,  and  yet,  a  moment  later,  unfed  and  undistended,  gave  a  few 
coordinated  beats.  Continued  contraction  is  of  course  impossible  to 
the  ventricle  of  the  dog  without  a  constant  supply  of  nutrient  material 
with  which  to  replenish  its  rapidly  impoverished  intramolecular 
stores. 

The  experiments  thus  far  related  show  that  the  cat's  heart  recovers 
readily  from  fibrillary  contractions  when  the  cardiac  muscle  is  fed 
with  the  cat's  own  blood,  and  that  various  portions  of  the  dog*s  heart, 
—  for  example,  the  auricle,  the  ventricle,  and  large  parts  removed 
from  the  ventricle, — will  recover  if  fed  with  dog's  blood;  and  they 
bring  two  cases  of  unassisted  recovery,  in  which  the  dog's  right 
ventricle,  thrown  into  fibrillation  by  the  extirpation  of  the  heart,  gave 
spontaneously,  without  perfusion  of  its  coronary  vessels,  a  few  regular, 
coordinated  contractions.  They  do  not  include  any  instance  in  which 
the  whole  dog's  heart  was  recovered  from  fibrillation ;  but  this  is  not 
to  be  wondered  at.  for  the  experiments  in  which  the  recovery  of  the 
whole  heart  was  attempted  were  made  with  sheep  or  ox  blood  brought 
from  the  slaughter-house,  and  it  is  well  known  that  such  blood  is 
injurious  to  the  heart  of  the  dog.  I  hesitated  some  time  before 
attempting  the  recovery  of  the  whole  heart  by  the  perfusion  of  dog's 
blood,  for  it  was  certain  that  two  dogs  would  have  to  be  used  for  each 
experiment  in  order  to  get  sufficient  blood  for  the  satisfactory  per- 
fusion of  the  entire  heart,  and  it  was  possible  that  many  animals 
would  be  sacrificed  to  technical  difficulties  before  a  successful  result 
could  be  reached.  Moreover,  additional  experiments  seemed  un- 
necessary, for  if  the  auricle  and  ventricle  recover  when  separated, 
they  should  recover  when  left  in  their  normal  connection.  This  re- 
luctance was  strengthened  by  two  preliminary  trials,  in  each  of  which 
the  whole  dog's  heart  was  fed  with  dog's  blood,  but  without  avail, 
owing  to  slight  imperfections  in  method.  It  was  therefore  resolved 
to  stop  the  fibrillation,  if  possible,  before  attempting  to  feed  the 
heart  muscle,  in  the  hope  that  coordinated  contractions  would  return 
if  the  perfusion  was  made  after  every  trace  of  disordered  contraction 
had  disappeared.  The  entire  success  of  this  plan  is  shown  by  the 
following  experiments. 
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Experiment  Oct,  2§y  i8gy,  A  large  dog,  anaesthetized  with  morphia  and 
ether,  was  bled,  perfused  with  0.8  per  cent  sodium  chloride  solution,  bled 
again,  and  the  blood  defibrinated  and  placed  in  a  pressure-flask  at  the 
temperature  of  the  body.  The  heart  of  a  small  dog,  anaesthetized  with 
morphia  and  ether,  was  then  exposed,  and  the  venae  cavae,  the  right  vena 
azygos,  the  aorta,  and  the  innominate  and  left  subclavian  arteries  ligated. 
Cannulas  were  placed  in  the  innominate  artery,  the  pulmonary  artery,  and 
the  two  auricles.  The  cannula  in  the  innominate  artery  was  connected  with 
the  pressure- flask,  and  supplied  the  coronary  arteries  with  blood,  which, 
after  passing  through  the  heart  muscle,  escaped  from  the  coronary  veins  and 
the  vessels  of  Thebesius  and  found  its  way  out  of  the  heart  by  the  cannulas 
in  the  pulmonary  artery  and  auricles.  As  soon  as  the  warm  defibrinated  dog*s 
blood  was  forced  through  the  coronary  vessels,  the  heart,  which  had  ceased 
to  beat  while  the  preparations  were  making,  began  to  contract  in  its  regular, 
normal  way.  Fibrillation  of  both  auricles  and  ventricles  was  now  induced 
by  stimulating  the  ventricles  and  auricles  with  a  rapidly  interrupted  current 
from  a  du  Bois-Reymond  inductorium.  The  auricles  soon  recovered  their 
coordinated  contractions,  but  the  ventricles  continued  to  fibrillate  for  a  little 
more  than  an  hour.  The  supply  of  blood  to  the  heart  was  then  cut  off",  and 
iced  normal  saline  solution  poured  upon  the  heart  until  every  trace  of 
fibrillation  had  ceased.  The  coiled  bulb  of  a  surface  thermometer  placed 
on  the  ventricle  gave  a  temperature  of  2  2°C.  Blood  at  36°C.  was  again 
allowed  to  flow  through  the  coronary  arteries.  The  whole  heart  then  began 
to  beat.  The  contractions  were  feeble,  but  entirely  regular  and  fully 
coordinated. 

Experiment^  November  j,  i8gj.  The  heart  of  a  dog  anaesthetized  with 
morphia  and  ether,  was  perfused  with  warm  defibrinated  dog's  blood,  as  in 
the  preceding  experiment.  The  heart  beat  very  well  as  soon  as  the  perfusion 
began.  Fibrillation  was  now  brought  on  by  electrical  stimulation.  The  per- 
fusion was  then  stopped,  and  iced  saline  solution  poured  over  the  heart  until 
all  movement  had  ceased.  On  again  perfusing  the  heart  with  blood  at  36°C., 
thoroughly  good  contractions,  strong,  regular,  and  perfectly  coordinated, 
began.  After  this  strong  and  regular  beating  had  been  watched  for  some 
time,  fibrillation  was  again  induced,  and  the  heart  cooled  down,  as  before. 
But  perfusion  was  this  time  recommenced  before  the  last  tremor  had  ceased. 
The  result  of  this  premature  action  was  the  return  of  fibrillary  contrac- 
tions in  full  force.  Twice  again  the  heart  was  cooled  and  perfused  before 
fibrillation  had  wholly  ceased,  with  the  same  result.  Then  still  another  cold 
bath  was  given,  and  this  time  perfusion  was  not  begun  until  the  ventricle  lay 
quiet.  The  heart  now  beat  in  normal  fashion  for  a  long  time,  the  contrac- 
tions being  very  forcible  and  completely  coordinated. 

6 


82  W.  T.  Porter. 

Thus  the  whole  dog's  heart  can  be  recovered  from  fibrillary  con- 
tractions by  cooling  the  ventricles  until  all  trace  of  fibrillation  has  dis- 
appeared, and  then  bringing  the  heart  back  to  the  normal  temperature 
by  circulating  warmed  defibrinated  blood  through  the  coronary  ves- 
sels. Doubtless  the  whole  heart  of  the  dog,  like  the  auricles  and 
ventricles,  and  like  the  heart  of  the  cat  and  the  rabbit,  can  also  be 
recovered  by  persistent  feeding  with  defibrinated  blood  at  normal 
temperature  and  pressure,  and,  in  very  rare  cases,  by  endocardiac 
nutrition  through  the  vessels  of  Thebesius  and  the  coronary  veins, 
but  further  experiments  would  only  confirm  the  statements  contained  ' 
in  these  pages.  The  thesis  with  which  this  Paper  began  has  been 
suflSciently  demonstrated.  In  respect  of  recovery  from  fibrillary  con- 
tractions, there  is  no  essential  difference  between  the  hearts  of  the 
rabbit,  the  cat,  and  the  dog. 


NOTES   ON  THE   ELIMINATION   OF   STRONTIUM. 

By  HORATIO  C.  WOOD,  Jr.,  M.  D. 
[From  the  Chemical  Laboratory  of  the  University  of  Pennsylvania^ 

IN  H.  C.  Wood's  Therapeutics  it  is  affirmed  that  the  absorption  of 
the  strontium  salts  and  their  elimination  appears  to  be  rapid,  but 
the  only  exact  chemical  studies  of  the  matter  which  I  have  been  able 
to  find  are  those  of  Laborde,  Compte  rendu  de  la  Soci6t6  de  biologie, 
Paris,  9  s.,  1890,  vol.  ii,  pp.  453  and  708,  and  1891,  vol.  iii,  p.  562.  In 
one  of  Laborde's  experiments  an  amount  of  the  strontium  sulphate 
sufficient  to  represent  117  gm.  of  the  metallic  strontium  was  adminis- 
tered to  a  dog  by  the  mouth  in  the  course  of  81  days,  and  the  metal 
was  found  in  the  urine,  faeces,  bones,  and  liver.  In  a  second  experi- 
ment, the  tartrate  having  been  given  in  such  quantity  as  to  represent 
453  g^'  of  the  metallic  strontium,  that  substance  was  again  detected 
in  the  urine,  bones,  and  liver,  but  was  especially  abundant  in  the 
faeces.  In  a  third  experiment,  strontium  phosphate  representing 
265  gm.  of  the  metal  was  given  in  1 1 1  days ;  in  the  urine  and  liver 
only  unweighable  traces  were  found,  —  from  the  bones  was  separated 
0.63  gm.  of  the  metal.  Except  in  regard  to  the  bones  in  the  last 
experiment  mentioned,  Dr.  Laborde  does  not  report  any  amount  of 
weighed  metal  obtained. 

These  experiments  of  Laborde  do  not  prove  that  strontium  is 
rapidly  absorbed  or  eliminated,  but  only  that  it  is  absorbed  to  some 
extent  and  slowly  rather  than  rapidly  thrown  off.  For  the  purpose 
of  obtaining  more  exact  data  I  have  made  two  experiments.  The 
method  of  separating  the  strontium,  for  >vhich  I  am  indebted  to  Pro- 
fessor John  Marshall,  is  as  follows :  — 

"The  urine  and  faeces  were  separately  evaporated  to  dryness,  and  the 
residue  incinerated  until  the  organic  matter  was  completely  destroyed.  The 
residue  was  warmed  with  nitric  acid,  the  solution  diluted  with  water,  filtered, 
the  filtrate  nearly  neutralized  with  ammonium  hydroxide,  and  ammonium  car- 
bonate added  in  slight  excess.  The  liquid  was  boiled,  and  the  precipitate 
collected  on  a  filter  paper  and  thoroughly  washed.  The  precipitate  was 
then  dissolved  in  just  sufficient  acetic  acid  to  bring  it  into  solution,  and 
the  solution  then  diluted  with  water.     To  remove  phosphoric  acid  ferric 
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chloride  was  added  and  the  solution  nearly  neutralized  with  sodium  carbon- 
ate. The  liquid  was  boiled,  and  filtered  while  hot  to  remove  the  triferric 
phosphate  and  basic  ferric  acetate  which  had  separated.  The  filtrate  was 
evaporated  to  dryness  on  a  water-bath,  and  the  residue  repeatedly  treated 
with  nitric  acid,  evaporating  the  solution  to  dryness  after  each  addition  of 
nitric  acid  to  convert  the  calcium  and  strontium  present  into  nitrates.  The 
dry  residue  was  pulverized  and  treated  with  a  mixture  of  strong  alcohol  and 
ether  to  separate  calcium  nitrate  from  strontium  nitrate.  The  residue  remain- 
ing after  treatment  with  strong  alcohol  and  ether  was  tested  by  means  of  the 
flame  test  for  strontium,  and  wherever  the  quantity  of  residue  remaining 
indicated  a  weighable  quantity  of  strontium  the  residue  was  dissolved  in  a 
small  quantity  of  water  and  the  strontium  precipitated  by  the  addition  of 
dilute  sulphuric  acid.  In  such  cases  the  liquid  was  permitted  to  stand  12 
hours,  when  the  precipitate  of  strontium  sulphate  was  collected  on  a  filter 
paper,  washed  with  a  mixture  of  alcohol  and  ether,  dried,  incinerated,  and 
weighed." 

The  first  experiment  was  upon  myself.  In  it  I  took  by  the  mouth 
3  grammes  of  strontium  lactate  (Sr(C3H60s)2)  representing  1.89 
grammes  of  metallic  strontium.  The  urine  and  faeces  were  collected 
separately  for  forty-eight  hours.  The  result  may  be  presented  con- 
veniently in  a  tabular  form  as  follows :  — 

First  day. 

9  a.  m.  Ingestion  of  3  gm.  strontium  lactate. 

10  a.  m.  Urine  contains  a  trace  of  Sr. 
2  p.  m.  "  **  **  ** 

6  p.m.  *•  "  "  " 

Second  day. 

9  a.  m.     Faeces  contain  o  0223  gm.  metallic  Sr. 
2  p.  m.     No  strontium  in  urine. 
10  p.  m.  "  "  •* 

Third  day. 
9  a.  m.     Faeces  contain  0.1503  gm.  metallic  Sr. 

Unfortunately  the  f«Teces  were  not  saved  after  the  third  day,  but  it 
will  be  noted  that  during  the  forty-eight  hours  after  the  ingestion  of 
an  amount  of  strontium  lactate  representing  1.89  grammes  of  the 
strontium,  0.1706  gramme  of  the  strontium  was  recovered  from  the 
faeces,  equalling  about  10  per  cent  of  the  amount  ingested,  whilst 
only  a  trace  was  found  in  the  urine.  This  result  is  capable  of  several 
explanations ;  it  is  possible  that  the  strontium  is  not  absorbed  and 
very  slowly  passes  out  from  the  alimentary  canal,  owing  to  its  weight 
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causing  it  to  cling  to  the  mucous  membranes;  or  it  is  possible  that 
being  more  largely  absorbed  than  is  apparent  it  is  eliminated  with 
great  slowness.  The  latter  conclusion,  however,  is  highly  improb- 
able in  the  face  of  the  fact  that  the  strontium  disappeared  from 
the  urine  within  twenty-four  hours.  If  absorption  and  retention  were 
the  case,  certainly  there  should  have  been  as  much  strontium  in  the 
urine  on  the  second  as  on  the  first  day.  It  is  of  course  possible  that 
the  discharge  of  strontium  with  the  faeces  may  have  depended 
upon  an  elimination  of  absorbed  strontium  by  the  intestinal  mucous 
membrane. 

To  determine  whether  such  elimination  occurs  to  any  extent  a 
second  experiment  was  made.  In  this  a  small  dog  was  given  a  hypo- 
dermic injection  of  3  grammes  of  strontium  lactate,  dissolved  in  water. 
The  urine  and  faeces  were  separately  collected  for  72  hours,  and  care- 
fully examined  by  the  process  previously  given,  but  no  strontium  was 
detected. 

The  experiment  just  recorded  shows  that  strontium  given  hypo- 
dermically,  if  absorbed  at  all,  is  only  eliminated  with  the  greatest 
slowness;  and  demonstrates  that  the  strontium  which  was  passed 
from  the  bowel  in  the  first  experiment  had  not  been  eliminated  from 
the  bowel  but  had  remained  unabsorbed.  As  suggested  by  Professor 
Marshall,  it  is  probable  that  when  the  strontium  salt  is  taken  by  the 
mouth  absorption  takes  place  to  some  extent  in  the  stomach,  but  that 
that  portion  of  the  salt  which  escapes  into  the  intestines  is  converted 
into  an  insoluble  phosphate.  It  is  also  probable  that  the  alkaline 
juice  of  the  tissues  largely  breaks  up  the  strontium  salt,  so  that 
absorption  from  the  cellular  tissue  is  a  very  slow  process.  It  is  a 
further  plausible  conclusion  that  the  strontium  salts  taken  into  the 
intestines,  like  the  bismuth  salts,  are  so  very  slowly  absorbed  that 
they  exert  a  persistent  local  influence;  an  experimental  conclusion 
which  is  in  accord  with  the  clinical  fact  which  has  been  insisted  upon 
especially  by  Professor  H.  C.  Wood,  that  the  strontium  salts  have 
a  marked  influence  upon  the  digestive  processes  in  the  intestinal 
canal. 

Philadelphia,  August,  1897. 


THE   NUTRITION   OF  THE   HEART  THROUGH  THE 

VESSELS   OF  THEBESIUS  AND   THE 

CORONARY  VEINS.* 

By  F.  H.  PRATT. 
[From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School^ 

FEW  beliefs  of  the  present  day  are  more  firmly  intrenched  than 
that  of  the  total  dependence  of  the  mammalian  heart  upon  the 
coronary  arteries.  We  are  taught  that  without  the  blood  brought  by 
these  vessels  the  long-continued,  rhythmic  contractions  of  the  cardiac 
muscle  are  impossible.  Such  is  the  foundation  on  which  rest  in  large 
part  the  prevailing  ideas  of  infarction  in  the  heart,  with  all  the  train 
of  evil  consequences  believed  to  follow  the  embolism  and  throm- 
bosis of  the  coronary  arteries.  It  is  my  purpose  to  show  that  this 
doctrine  is  not  absolute.  The  long-contracting,  rhythmic  heart  is 
not  wholly  dependent  upon  the  coronary  arteries  for  its  food  supply ; 
on  the  contrary,  the  heart  will  beat  for  hours  while  its  arteries  are 
empty.  There  are  two  ways  in  which  the  heart  muscle  may  thus  be 
nourished :  the  first,  through  the  vessels  of  Thebesius,  which  open 
from  the  ventricles  and  auricles  into  a  system  of  fine  branches  com- 
municating with  the  cardiac  capillaries;  the  second,  through  the 
coronary  veins,  which  may  convey  a  backward  flow  of  blood  from 
the  auricle  into  the  tissues  of  the  heart. 

So  far  as  I  have  been  able  to  determine,  no  experimental  physio- 
logical work  has  ever  before  been  done  on  the  vessels  of  Thebesius ; 
all  opinion  regarding  their  functional  importance  has  rested  upon  the 
assumption  that  they  serve  only  as  veins,  conveying  a  part  of  the 
venous  blood  from  the  coronary  capillaries  through  the  foramina 
Thebesii  into  the  cavities  of  the  heart.  The  question,  too,  of  the 
nutritive  significance  of  regurgitation  from  the  auricle  into  the 
coronary  veins  has  not  apparently  at  any  time  been  the  object  of 
investigation. 

1  The  first  account  of  these  experiments  was  given  to  the  American  Physio- 
logical Society  in  May,  1897  (see  Science,  June  11,  1897).  The  subject  was  pre- 
sented also  to  the  Boston  Society  of  Medical  Sciences,  June  i,  1897,  and  to  the 
British  Association  for  the  Advancement  of  Science,  Toronto,  August,  1897 
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The  following  pages  will  present  an  historical  sketch  of  the  anatomy 
of  the  vessels  of  Thebesius,  and  a  record  of  my  own  anatomical  studies 
of  these  vessels  and  of  the  coronary  veins ;  a  detailed  account  of  my 
experiments  on  the  nutrition  of  the  heart  through  the  vessels  of  The- 
besius and  the  coronary  veins  will  follow;  and,  finally,  I  shall  en- 
deavor to  show  that  these  forms  of  nutrition  afford  a  reasonable 
explanation  of  the  recovery  of  the  heart  from  fibrillary  contractions 
and  from  acute  distentions  leading  to  arrest,  and  of  the  extraordinary 
fact  that  hearts  may  work  for  years  in  spite  of  the  almost  complete 
obstruction  of  their  arteries  by  advanced  arterio-sclerosis. 

I.  The  Anatomy  of  the  Vessels  of  Thebesius  and  the 

Coronary  Veins. 

The  Vessels  of  Thebesius. — The  discovery  of  the  foramina  Thebesii 
is  credited  to  Vieussens ;  ^  but  we  owe  the  first  accurate  descrip- 
tion of  them  to  Thebesius,^  whose  valuable  work,  De  circulo 
sanguinis  in  corde^  was  published  by  A.  Elzevier  in  1708.  Nearly 
fifty  years  later  we  find  Haller®  describing  "still  more,  and  much 
smaller,  veins  in  the  heart,  whose  little  trunks,  being  very  short,  can- 
not easily  be  traced  by  dissection ;  and  these  open  themselves  by  an 
infinite  number  of  oblique  small  mouths,  through  all  the  numerous 
sinuosities  observable  on  the  surface  of  the  right  and  left  ventricle. 
These  are  demonstrated  by  injections  of  water,  wind,  or  mercury, 
pushed  into  the  coronary  arteries,  after  you  have  first  tied  their  corre- 
sponding or  accompanying  coronary  veins;  or  even  into  the  great 
coronary  veins,  after  you  have  first  intercepted  the  openings  of  their 
largest  trunks.  For,  in  either  of  these  cases,  there  are  drops  of  the 
tinctured  water,  bubbles  of  air,  spherules  of  mercury,  rushing  out 
through  the  whole  extended  surfaces  of  both  ventricles  of  the  heart; 
and  this,  without  any  violence  that  Qan  be  supposed  sufficient  to  break 
the  vessels.  But  the  passage  from  the  arteries  into  the  cavities  of  the 
left  side  is  more  difficult."  Notwithstanding  these  various  statements 
the  existence  of  the  vessels  remained  for  many  years  a  subject  of  dis- 
pute.    Thus  Abernethy*  early  in  the  present  century,  commenting 

1  ViEUSSENS:  Nouvelles  ddcouvertes  surlecoeur;  1706;  quoted  byHALLER: 
Elementa  Physiolog.  Lausanne,  1757,  lib.  iv,  p.  380. 

*  Thebesius:  De  circulo  sanguinis  in  corde.     Leiden,  1708. 

*  Haller:  First  lines  of  physiology;  English  translation.  Edinburgh,  1786, 
vol.  i,  p.  75. 

*  Abernethy:  Philosophical  Transactions.     London,  1798,  p.  103. 
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on  the  perplexities  of  his  predecessors,  pointed  out  that  even  Haller, 
Senac,  and  Zinn  were  sometimes  unable  to  discover  the  foramina,  and 
were  led  to  suspect  that  their  apparently  successful  injections  really 
ruptured  the  vessels  and  forced  a  way  through  false  passages  into  the 
cavities  of  the  heart.  Abernethy  himself  made  many  injections,  filling 
the  arteries  and  veins  with  wax  of  different  colors.  He  convinced  him- 
self that  the  foramina  actually  existed;  and  that  they  belonged  more- 
over to  both  the  arteries  and  the  veins,  because  *'  the  injection  which 
was  employed  was  too  coarse  to  pass  from  one  set  of  vessels  to  the 
other,  and  yet  the  different  coloured  injections  passed  into  the  cavities 
of  the  heart  unmixed."  His  conclusion  that  some  of  the  foramina 
communicate  with  coronary  arteries  is,  I  think,  hardly  to  be  accepted 
in  the  light  of  other  observations.  It  is  probable  that  in  his  ex- 
periments also  extravasations  took  place  from  the  arteries  into  the 
ventricles. 

Bochdalek,*  in  1868,  published  the  results  of  observations  on  the  fo- 
ramina Thebesii  of  the  auricles.  He  found  in  both  auricles  the  mouths 
of  small  vessels.  Many  of  these  openings  presented  the  appearance  of 
blind  depressions,  since  they  were  often  covered  with  single  valves  in 
such  a  way  as  to  resist  investigation  with  the  blowpipe.  When  he 
succeeded  in  introducing  an  injection -mass  or  a  blast  of  air  into  a  fora- 
men, superficial,  ramifying  vessels  were  demonstrated,  the  injection  of 
which  often  showed  a  connection  with  other  foramina  in  the  same 
auricle,  or  even  in  that  of  the  other  side.  The  foramina  varied  con- 
siderably both  in  number  and  in  size;  some  were  round  and  small; 
others  were  slit-like,  resembling  the  mouths  of  the  ureters ;  still  others 
were  large,  round  depressions,  with  smaller  openings  at  the  bottom. 
As  a  result  of  his  observations,  Bochdalek  concludes  **  that  the  greater 
number  of  the  small  openings  on  the  inner  surface  of  the  right  as  well 
as  the  left  auricle,  which  from  early  times  have  borne  the  name  of  for- 
amina Thebesii,  represent  the  mouths  of  little  veins  that,  often  uniting 
into  larger  vessels,  course  with  many  branches  through  the  auricular 
walls." 

In  1880  appeared  the  report  of  Langer's^  research  on  the  foramina 
Thebesii  of  the  human  heart.  With  the  aid  of  the  blowpipe,  and 
by  means  of  a  watery  injection  mass  colored  with  Berlin  blue,  he 
demonstrated  these   foramina  in  all  the  cavities  of  the    heart.     He 

^  Bochdalek:  Arch  f.  Anat,  Physiol,  u.  wiss.  Med.,  Leipzig,  1868,  p.  314. 
*  Langer  :  Sitzb.  der  k.  Akad.  der  Wissensch.  zu  Wien,  1880,   Bd.  Ixxxii, 
3.  Abth.,  p.  25. 
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succeeded  in  injecting  the  vessels  of  Thebesius  not  only  from  the 
coronary  vessels,  but  from  the  endocardial  surfaces  as  well.  Boch- 
dalek's  observations  regarding  the  presence  in  both  auricles  of  foram- 
ina Thebesii  were  thus  confirmed,  and  the  fact  of  a  communication 
between  the  coronary  vessels  and  each  of  the  four  cavities  of  the 
heart  was  thoroughly  established.  The  foramina  which  Langer  found 
on  the  endocardial  surfaces  of  both  ventricles  were  similar  to  those  in 
the  auricles,  but  much  smaller.  They  were  most  conspicuous  on  the 
papillary  muscles  and  in  the  neighborhood  of  the  great  vessels,  being 
less  easily  seen  in  the  region  of  the  apex,  where  they  were  obscured 
by  the  trabecular  network.  Injections  from  the  endocardial  surfaces 
showed  fine,  ramifying  vessels  connected  with  the  foramina,  running 
either  at  right  angles  to  the  surface,  or  obliquely.  From  the  fact  that 
thick  injection  masses  would  not  pass  from  the  coronary  veins  into 
the  ventricles,  and  that  even  watery  masses  were  slow  in  appearing 
there,  Langer  concluded  that  the  foramina  Thebesii  of  the  ventricles 
were  not,  as  occasionally  happens  in  the  auricles,  in  direct  communi- 
cation with  the  coronary  veins,  but  that  they  had  to  do  with  separate 
capillary  areas.  In  no  case  did  he  observe  valves  in  connection  with 
the  foramina  Thebesii  of  the  ventricles. 

Gad  ^  has  recorded  some  confirmatory  observations  on  the  vessels 
of  Thebesius  in  the  ox.  In  the  method  which  he  describes  for 
demonstrating  the  action  of  the  valves  of  the  left  heart,  wherein  water 
under  pressure  is  made  to  fill  the  ventricle  and  aorta,  he  noticed  that 
water  flowed  into  the  right  heart  from  the  foramina  Thebesii.  On 
illuminating  the  interior  of  the  left  ventricle  he  was  enabled  to  see 
fine,  blood-stained  streams,  issuing  from  the  endocardial  wall  into  the 
clear  water  with  which  the  cavity  was  filled. 

Finally,  Magrath  and  Kennedy.^  working  with  artificial  circulations 
of  defibrinated  blood  on  the  isolated  heart  of  the  cat,  observed  that  a 
small  portion  of  the  coronary  blood  found  its  way  into  the  left  ven- 
tricle. The  only  possible  source  of  access,  other  than  from  the  ves- 
sels of  Thebesius,  was  leakage  past  the  aortic  valves.  This  leakage, 
as  shown  by  a  manometer  record  of  the  aortic  pressure,  did  not 
occur. 

Notwithstanding  these  painstaking  observations,  the  vessels  of 
Thebesius  still  occupy  a  very  obscure  position  in  anatomical  litera- 
ture.    Foramina  Thebesii   are  referred  to  as  constant  in  the  right 

*  Gad:  Arch.  f.  Physiol.,  1886,  p.  380. 

*  Magrath  and  Kennedy  :  Journ.  of  Exp.  Med.,  1897,  ii,  p.  13. 
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auricle,  forming  in  part  the  mouths  of  small  veins.  Their  occurrence 
in  the  left  auricle  is  occasionally  mentioned.  But  the  fact  that 
vessels  of  Thebesius  open  into  all  the  chambers  of  the  heart  —  ven- 
tricles as  well  as  auricles  —  is  hardly  recognized. 

The  anatomical  methods  employed  in  the  present  study  have  been 
three  in  number ;  the  injection  of  the  vessels  with  air  by  means  of  the 
blowpipe,  their  injection  with  liquids,  and  the  making  of  corrosion 
preparations.  My  experiments  have  in  the  main  confirmed  the 
results  of  other   observers. 

The  initial  step  was  to  demonstrate  independently  the  fact  of  a 
circulation  in  the  vessels  of  Thebesius.  By  the  injection  of  water, 
normal  saline  solution,  or  defibrinated  blood,  at  a  constant  pressure, 
I  established  an  artificial  circulation  through  the  coronary  vessels  of 
the  fresh,  often  the  still  living,  extirpated  hearts  of  the  rabbit  and 
the  dog.  The  cannula  was  tied  directly  into  a  coronary  artery  or 
'  one  of  its  branches,  so  that  access  of  liquid  into  the  heart-cavities, 
except  through  the  endocardial  foramina,  was  rendered  impossible. 
I  Yet  liquid  constantly  found  its  way  through  the  vessels  of  Thebesius. 
Thus  I  was  enabled  to  verify  the  results  of  Magrath  and  Kennedy 
touching  these  vessels.  It  is  essential  to  success  that  the  heart  be 
used  before  rigor  has  set  in,  and  that  the  coronary  system  be  thor- 
oughly washed  out  by  the  injection  of  water  or  normal  saline 
solution  into  the  aorta.  The  following  experiment  will  make  the 
procedure  clear. 

February  <?,  i8gy.  A  dog  was  anaesthetized  with  morphia  and  ether,  and 
the  heart  excised  after  contractions  had  ceased.  The  coronary  system  was 
rinsed  with  normal  saline  solution  introduced  from  the  aorta.  The  systemic 
and  pulmonary  veins  and  the 'right  coronary  artery  were  ligated,  A  can- 
nula was  passed  into  the  left  coronary  orifice  from  the  aorta,  and  tied  in  the 
descending  branch  of  the  left  coronary  artery.  The  walls  of  the  aorta  were 
drawn  close  to  the  shank  of  the  cannula  by  a  ligature.  Two  outflow  tubes 
were  now  arranged  ;  one  in  the  right  ventricle  through  the  pulmonary  artery, 
the  other  in  the  left  ventricle  through  the  left  auricular  appendix.  Normal 
saline  solution  colored  with  defibrinated  blood  was  passed  through  the 
cannula  under  a  constant  pressure  of  85  mm.  Hg.  and  collected  from  each 
outflow  tube  separately.  The  amounts  were  then  measured  and  compared. 
The  quantity  of  the  solution  collected  during  five  minutes  was  400  cc.  from 
the  right  ventricle,  and  4  cc.  from  the  left. 

After  thus  assuring  myself  that  a  genuine  communication  exists 
between  the  coronary  vessels  and  the  left  heart,  it  remained  to  in- 
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quire  particularly  into  the  nature  of  this  communication.  The  heart 
of  the  ox  was  found  best  suited  to  the  purpose.  An  examination  of 
the  endocardial  surfaces  of  the  ox  heart  reveals  irregularly  placed 
depressions,  usually  sharply  outlined,  varying  widely  in  size,  shape, 
and  distribution.  They  are  regularly  larger  in  the  auricles  than  in 
the  ventricles.  In  the  right  auricle  they  may  be  provided  with  thin, 
single  valves,  especially  about  the  origin  of  the  great  veins.  In  the 
left  auricle  they  are  usually  fewer  in  number,  and,  so  far  as  my  ob- 
servations have  gone,  unprovided  with  valves.  Foramina  Thebesii 
are  never  absent  from  the  ventricles.  In  the  right  ventricle,  which  is 
especially  well  provided  with  them,  the  larger  number  are  seen  upon 
the  septal  wall.  It  is  often  much  more  difficult  to  find  them  in  the 
left  ventricle,  although  a  diligent  search  is  never  without  reward. 
Here,  in  agreement  with  Langer's  statement,  they  often  appear  at  or 
near  the  bases  of  the  papillary  muscles.  They  may  present  them- 
selves in  either  ventricle  almost  anywhere  on  the  endocardial  surface. 
Structures,  accessory  to  these  ventricular  foramina,  which  might  in 
any  way  serve  the  office  of  valves,  I  have  not  seen ;  the  edge  of  the 
foramen  is  usually  sharply  defined  and  may  frequently  exist  as  a 
partial,  shelf-like  covering,  giving  the  impression,  perhaps,  of  an 
attempt  at  a  membranous  valve ;  but  it  is  seldom  more  than  this. 

Experience  soon  teaches  one  to  distinguish,  often  at  a  glance, 
between  the  foramina  Thebesii  and  merely  blind  depressions  in  the 
endocardium.  On  the  injection  of  the  vessels  of  Thebesius  with  air 
by  means  of  the  blowpipe  applied  to  the  foramina,  characteristic,  fine, 
sub-endocardial  ramifications,  which  very  frequently  conduct  the  air 
into  other  Thebesian  systems  or  even  into  the  great  coronary  veins, 
will  seldom  fail  to  appear.  Connection  with  the  coronary  veins  may 
be  further  established  by  injection  from  the  veins  themselves.  The 
following  observations  will  illustrate  these  points. 

April  7,  i8gY»  —  The  right  ventricle  of  a  fresh  ox  heart  was  opened  from 
the  tricuspid  valve  to  the  apex.  A  large  number  of  foramina  were  seen  on 
the  septal  endocardial  wall.  The  inflation  with  the  blowpipe  of  vessels  lead- 
ing from  these  was  in  most  instances  followed  by  the  appearance  of  air- 
bubbles  at  the  mouth  of  the  coronary  sinus.  On  tracing  the  source  of  the 
bubbling,  the  air  was  observed  to  come  from  the  mouth  of  a  coronary  vein  at 
the  extreme  end  of  the  sinus.  This  vein  was  now  opened,  and  a  cannula  tied 
into  the  distal  end.  Defibrinated  blood,  forced  through  the  cannula  by 
blowing  into  the  end  of  an  attached  rubber  tube,  was  plainly  seen  to  emerge 
from  the  foramina. 
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The  ease  with  which  injections  of  air  and  blood  could  be  made  to 
demonstrate  the  connection  between  the  vessels  of  Thebesius  and  the 
coronary  veins  caused  me  to  doubt  the  opinion  expressed  by  Langer, 
that  the  foramina  Thebesii  in  the  ventricles  communicate  with  the 
veins  by  capillaries  alone.  To  settle  this  point  I  injected  the  coronary 
veins  of  the  ox  with  starch  and  celloidin  masses,  both  too  thick  to 
pass  the  capillaries,  and  found  that  even  these  emerged  from  the 
foramina  Thebesii  of  the  right  ventricle.  So  intimate  a  connection, 
however,  between  the  coronary  veins  and  the  vessels  entering  the 
left  ventricle  I    have   not  yet  been  able  to  demonstrate. 

By  means  of  a  very  successful  corrosion  preparation,  made  by 
injecting  the  veins  of  an  ox  heart  with  celloidin,  I  was  able  to 
trace  the  communication.  In  this  preparation  the  position  of  some 
of  the  foramina  Thebesii  was  marked  by  small  discs  of  the  hardened 
mass,  formed  by  the  oozing  out  of  the  celloidin  upon  the  endo- 
cardium. These  foramina  were  shown  to  be  connected  with  the 
smaller  coronary  veins  by  fine  branches.  The  still  finer  ramifications 
which,  as  Langer  has  demonstrated,  lead  from  the  foramina  and 
branch  directly  into  capillaries  were  here  uninjected;  they  would 
appear  only  when  injected  from  the  foramina  themselves. 

Although  I  have  made  attempts,  I  have  been  unable  to  discover 
anything  more  free  than  a  capillary  connection  between  the  vessels  of 
Thebesius  and  the  coronary  arteries.  Injections  of  starch  or  celloidin 
fail  to  pass  from  the  arteries  into  the  cavities  of  the  heart. 

Bochdalek*s  observation,  relative  to  a  communication  between  the 
auricles  through  vessels  of  Thebesius,  I  have  verified  on  the  heart 
of  the  dog.  Blowpipe  injection  of  a  foramen  in  the  left  auricle 
caused  an  exit  of  air  from  a  similar  foramen  in  the  right  auricle,  and 
this  without  any  discernible  inflation  of  a  coronary  vein. 

I  have  no  reason  to  believe  that  any  of  my  results  have  been  due  to 
the  rupture  of  vessels  and  the  consequent  extravasation  of  the  circu- 
lation-fluid or  injection-mass.  Care  has  been  taken  throughout  to 
avoid  high  pressures,  and  this,  together  with  the  very  important  con- 
sideration that  my  material  has  all  been  fresh,  would  serve  to  render 
errors  resulting  from  this  cause  very  improbable. 
!  The  vessels  of  Thebesius,  therefore,  open  from  the  ventricles  and 
auricles  into  a  system  of  fine  branches  that  communicate  with  the 
coronary  arteries  and  veins  by  means  of  capillaries,  and  with  the 
veins  —  but  not  with  the  arteries —  by  passages  of  somewhat  larger 
size. 
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The  Coronary  Veins.  —  Whenever  in  my  experiments  a  circulation- 
fluid  has  been  permitted  to  gain  access  to  the  coronary  sinus  from 
the  right  heart,  the  anatomical  possibility  of  a  back-flow  into  the  veins 
has  been  demonstrated.  I  have  taken  pains  to  supplement  these 
observations  with  dissections  of  the  coronary  veins  in  the  cat,  dog, 
and  ox.  Everything  has  pointed  to  the  fact  that  such  valves  as  the 
veins  of  the  heart  possess  are  very  inefficient.  A  single  membranous 
fold  is  usually  found  at  the  entrance  of  a  vein  into  the  sinus ;  seldom 
does  it  prevent  the  entrance  of  air  or  liquids.  Valves  at  the  con- 
fluence of  venous  branches  I  have  found  either  wanting  or  very  poorly 
developed.  The  Thebesian  valve  at  the  mouth  of  the  coronary  sinus 
is  totally  insufficient  to  prevent  regurgitation. 

II.  The  Nutrition  of  the  Heart  through  the  Vessels 

OF  Thebesius. 

The  experiments  which  I  shall  now  describe  were  suggested  by  the 
possibility  of  an  arterial  function  on  the  part  of  the  vessels  of  Thebe- 
sius. They  have  served  to  prove  not  only  that  these  vessels  may 
carry  nutriment  to  the  heart-muscle,  but  that  in  the  absence  of  all 
other  forms  of  cardiac  nutrition  —  with  the  blood-supply  through  the 
coronary  arteries  absolutely  cut  off" — the  mammalian  ventricle  may 
be  maintained,  under  proper  conditions,  in  rhythmic  contractions 
lasting  several  hours. 

Nearly  all  of  the  experiments  have  been  made  upon  the  heart  of 
the  cat.  The  animal  is  anaesthetized  with  ether,  tracheotomized,  and 
bled  from  a  cannula  tied  into  a  carotid  artery.  The  blood  is  defibri- 
nated  and  filtered  through  glass  wool.  On  cessation  of  the  bleeding 
the  ventral  chest  wall  is  at  once  removed  by  cutting  through  the 
costal  cartilages,  and  the  heart  quickly  severed  from  its  connections. 
If  care  has  been  taken  with  the  etherizing,  respiration  should  have 
persisted  up  to  the  time  of  opening  the  thorax,  and  the  excised  heart 
should  be  beating  with  perfect  regularity ;  fibrillary  contractions  need 
not,  however,  interfere  with  success.  The  heart  is  rinsed  in  warm 
normal  saline  solution.  A  cannula  about  the  size  of  the  aorta  is  now 
introduced  into  the  right  ventricle  through  either  the  auricle  or  the 
pulmonary  artery,  and  secured  by  a  ligature  passed  tightly  around 
the  base  of  the  heart  in  a  line  parallel  to  the  auriculo-ventricular 
groove  and  below  the  coronary  sinus.  Thus  a  fluid  introduced  into 
the  ventricle  through  the  cannula  can  find  no  outflow  except  through 
the    vessels   of  Thebesius.     The   cannula   is   now   supported    in    aa 
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upright  position,  with  the  heart  suspended  from  the  lower  end,  and 
the  defibrinated  blood  poured  in  until  the  ventricle  is  full   and  the 

blood  rises  in  the  tube  to  a  height  of  several  inches. 
Figure  i  will  make  clear  the  relation  of  the  cannula 
to  the  ventricular  cavity.  Figure  2  represents  a 
form  of  perfusion  cannula  and  a  heating  apparatus 
which  have  been  found  very  convenient  for  sup- 
plying fresh  blood  constantly  to  the  ventricle,  and 
for  maintaining  the  heart  at  body-temperature. 

As  a  result  of  the  above  method  —  often  within 

a  minute  after  the  introduction  of  blood  —  strongly 

marked,    regular,    coordinated   contractions   of  the 

Figure  i.    Diagram  ventricle  are  observed.     With  a  periodic  supply  of 

to    illustrate    the  ^^^^y^   y^^^^^^  ^^^^  ^^.j^j^   favorable  temperature   and 

mode  of  securing  ^ 

the     cannula     in  nioisture,  this  activity  may  continue  several  hours, 
theventricularcav-  The  following  are  typical  experiments. 

through   the   ves-       ^/^'^  ^y  ^^97 •     A^  etherized  cat  was  tracheotomized 
sels  of  Thebesius.    and  bled  from  the  left  carotid  artery.     The  heart  was 

excised  while  beating,  and  rinsed  in  saline  solution.  A 
cannula  was  passed  into  the  right  ventricle  through  the  right  auricular  appen- 
dix, and  secured  by  a  ligature  tied  tightly  about  the  base  of  the  heart.  The 
heart  had  fibrillated  immediately  after  excision,  and  shortly  had  ceased  all 
movement.  The  cannula  and  the  ventricle  were  now  filled  with  defibrinated 
blood  diluted  with  one  part  saline  solution.  The  ventricle  straightway  began 
to  beat  with  great  regularity.  On  suspension  of  the  heart  in  saline  solution 
of  normal  temperature  the  beat  was  increased  in  frequency.  The  blood, 
rising  in  the  tube  about  15  mm.  with  each  beat,  became  gradually  venous  in 
color.  The  frequency  of  contraction  then  diminished,  but  was  restored  by 
replacing  the  venous  with  arterial  blood.  No  diminution  in  the  amount  of 
the  blood  was  noticeable,  and  no  blood  could  be  seen  to  issue  from  the 
heart.  The  coronary  arteries  were  empty;  the  veins  were  filled  over  the 
entire  surface.  Tracings  were  taken  by  attaching  a  rubber  tube  connected 
with  a  Marey  tambour  to  the  top  of  the  cannula  (Fig.  3).  The  resistance 
thus  occasioned  gradually  lessened  the  frequency  of  the  heart-beat,  but  the 
heart  immediately  recovered  its  former  rate  on  removal  of  the  tambour-tube. 
The  heart  began  beating  at  4.55  P.  M.  At  6.20  it  was  still  beating  slowly. 
The  blood  had  been  renewed  several  times. 

An  experiment  of  April  2,  1897,  showed  that  a  true  circulation 
may  take  place  between  the  vessels  of  Thebesius  and  the  coronary 
veins.     Here  the  conditions  were  the  same  as  in  the  experiment  just 


Endocardiac  Nutrition  of  the  Heart. 


95 


recorded,  except  that  two  of  the  veins  were  incised.     A  small  but 

steady  stream  of  venous  blood  issued  from 

them. 

On  April  3,  under  the  same  conditions, 
the  descending  branch  of  the  left  coronary 
artery  was  opened.  No  flow  of  blood 
occurred  from  the  artery,  although  there 
was  a  free  escape  from  an  incision  in  an 
accompanying  vein. 

The  following  experiment  shows  that 
the  above  form  of  nutrition  is  not  confined 
to  the  right  ventricle. 


April  7,  i8gy.  The  left  ventricle  of  a  cat 
was  nourished  with  blood  by  the  same  method, 
except  that  the  trunks  of  both  coronary  arteries 
were  ligated,  and  the  ligature  about  the  ven- 
tricles omitted.  The  supply  cannula  was  tied 
into  the  ventricle  through  the  aorta.  On  the 
introduction  of  blood  the  left  ventricle  alone 
began  to  beat  strongly  and  regularly.  The 
height  of  the  blood  column  was  about  80  mm. 
A  small  but  continuous  flow  of  blood  occurred 
from  a  cut  vein.  The  beating  continued  for 
over  an  hour,  becoming  weak  at  last,  but  re- 
maining regular.  The  blood  found  its  way  in 
part  into  the  right  ventricle,  coming  of  necessity 
through  the  walls.  The  blood  had  been  changed 
frequently  by  perfusion,  and  had  invariably  be- 
come venous  in  color.  The  temperature  was 
kept  at  30-36°  C. 

In  considering  these  experiments  the 
suspicion  very  naturally  arises  that  the 
prolonged  contractility  of  the  filled  ven- 
tricle may  be  due,  not  to  the  nutritive 
property'  of  the  blood,  but  to  mere  me- 
chanical stimulation  brought  about  by  dis- 
tention. Evidence  that  such  distention  is 
in  itself  a  powerful  stimulus  to  contraction 
has  recently  been  furnished  in  this  Labo- 


FiGURE  2.  Perfusion  apparatus 
for  feeding  from  the  interior 
of  the  heart-cavities.  Hlood 
placed  in  the  funnel  is  allowed 
to  pass  very  slowly  through 
the  fine  glass  tube  into  the 
ventricle,  which  is  tied  upon 
the  cannula  as  illustrated  in 
Figure  i.  The  supply  is  reg- 
ulated by  the  compression 
clamp.  Each  beat  of  the  ven- 
tricle forces  the  blood  back 
through  the  space  between 
the  fine  inner  tube  and  the 
walls  of  the  cannula,  out 
through  the  side  branch,  and 
thence  into  the  small  re- 
ceiving beaker.  The  large 
beaker  is  filled  with  saline 
solution  kept  at  normal  tem- 
perature. 
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iaU»ry.^  But  mechanical  stimulus  is  inadequate  to  explain  the  phe- 
mMUonon;  for  when  Ringer's  solution  of  sodium,  potassium,  and 
calcium  chlorides^  is  used  alternately  with  blood  under  constant 
V  omiitions.  the  solution  fails  to  sustain  contractions,  while  the  blood 
MKWvds.      rhe  following  experiment  is  an  example. 

ANi-  tK\  iSi^j.  A  cat's  heart  was  prepared  in  the  usual  way,  with  the 
caiuuiU  \\\  the  right  ventricle.  Ringer's  solution  at  35°  C.  was  now  intro- 
^|\u  t*il  n^steail  of  bloixl.  A  slow  beating  of  the  right  ventricle  began :  dur- 
\\\^  ihe  finit  five  minutes,  30  beats ;  during  the  second  ^w^  minutes,  6  beats. 
The  eiuuraetions  were  at  first  strong,  but  gradually  became  irregular  in  force, 
and  H|KisuuHlie  ;  tl\ey  finally  stopped.  During  a  third  fiv^  minutes  there 
were  no  beats,  I'he  solution  was  now  replaced  by  blood.  The  beating 
ivtiuueil :  during  the  first  five  minutes,  44  beats;  during  the  second  five 
minuter.  174  beats  (60  during  the  last  minute).  The  contractions  were 
)«tiohg  and  rt*gular  throughout  fifteen  minutes;  and  later,  when  the  blood 
wa**  renu>ved  and  the  ventricle  washed  out,  were  still  seen. 

An  inunetliatr  repetition  of  the  above  procedure  was  followed  with  similar 
leMultM ;  Kinger'ii  solution  failed  to  sustain  contractions,  while  blood  caused 
hmg  cttntinued  beating. 

There  ean  remain,  then,  no  doubt  of  the  genuinely  nutritive  char- 
iU'ter  of  the  phenomena  observed  under  this  method;  for  the  blood 
entern  the  ventricle  as  arterial  blood  and  emerges  into  the  veins  of  a 
dark  ventnis  color,  while  rhythmic  beats  arc  maintained  for  a  much 
hinder  peritui  than  can  be  accounted  for  on  other  grounds.  Since 
(dl  t»ther  possible  channels  have  been  cut  off,  the  veins,  which  fill 
NNJlh  blt)od,  ean  communicate  with  the  ventricle  only  by  means  of 
the  vessels  of  Thebesius.  The  coronary  arteries  can  take  no  part 
in  the  eireulation,  since  they  are  found  empty. 

( )nt*  of  the  conspicuous  features  in  the  experiments  of  Magrath  and 
Ktuneily  was  the  fact  that  an  exceedingly  small  blood-supply  was 
siilhcient  to  maintain  the  unloaded  heart  of  the  cat  in  regular  con- 
lraclitM\s.  These  authors  published  a  graphic  record  of  excellent 
be»its  which  were  sustained  by  a  coronary  circulation  of  about  3.3  c.c. 
per  nnnute,  and  report  a  case  of  fair  contractions  observed  under  a 
circulation  i»f  less  than   2  c.c.  per  minute;    the   customary  volume 

'  llVhl-:  (I.  H.)  :  Proceedings  of  the  American  Physiological  Society,  Science, 
Jan.  4 J,  1807.     Thf  paper  will  be  published  in  full  in  this  Journal,  1898,  vol.  i. 

^  Modltuul  for  mammalian  tissues:  NaCl,  0.9%:  CaCU,  0.02%;  KCl,  0.01% • 
Wtttrr  illtitllleil  in  glass.     The  formula  was  kindly  furnished  by  Mr.  F.  S.  Locke. 
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employed  ranged  from  3.5  c.c.  to  13  c.c.  perminutc.  My  own  results 
serve  to  emphasize  this  fact  still  further.  In  supplying  the  heart  with 
blood  through  the  vessels  of  Thebesius  the  circulation  was  at  all  times 
very  small  —  in  many  cases,  even,  hardly  measurable.  In  the  ex- 
periment of  April  1,  there  can  have  been  scarcely  more  than  a  mere 
oozing  of  blood  in  and  out  between  the  coronary  veins  and  the 
ventricular  cavity  through  the  vessels  of  Thebesius. 


Figure  3.  From  a  cat's  heart  fed  from  the  interior  of  the  right  ventricle,  April  i,  1897. 
Recorded  one  hour  after  removal  of  the  heart  from  the  body.  The  upper  curve  was 
drawn  by  means  of  a  Marey  tambour  connected  with  the  cannula  in  the  right  ven- 
tricle.    The  lower  curve  gives  the  time  in  seconds. 

The  discussion  of  the  nutrition  of  the  heart  through  the  vessels  of 
Thebesius  leads  now  to  the  consideration  of  a  somewhat  striking 
analogy.  It  is  known  that  the  heart  of  the  frog  receives  almost  its 
entire  nutriment  through  the  branching  passages  that  carry  the  blood 
from  the  interior  of  the  heart  nearly  to  the  pericardial  surface.  My 
experiments  have  shown  that  the  heart  of  the  cat  may  be  nourished 
in  much  the  same  way;  there  is,  indeed,  a  marked  resemblance  in 
both  method  and  results  between  my  experiments  and  many  which 
have  heretofore  been  performed  on  the  heart  of  the  frog.  The  sim-' 
plicity  of  this  method  of  nutrition,  as  well  as  its  value  in  bringing  the 
mammalian  and  batrachian  hearts  in  a  physiological  sense  closer  to- 
gether, seems  to  assure  its  further  usefulness  in  experimental  work. 

III.  The  Nutrition  of  the  Heart  through  the 

Coronary  Veins. 

The  possibility  of  a  nutrition  through  a  back-flow  from  the  auricle 

into  the  coronary  veins  was  first  suggested  by  an  experiment  per- 
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formed  April  5.  in  which  the  right  ventricle  was  prepared  Id  the  usual 
way,  except  that  the  ligature  encircling  the  heart  u'as  omitted.  The 
cannula  was  tied  into  the  pulmonary'  arter>'.  Blood  was  thus  allowed 
to  enter  the  right  auricle  through  insufficiency  of  the  tricuspid 
valve.  The  heart  was  sustained  in  rh>thmic  contractions  for  eight 
hours,  —  a  period  considerably  in  excess  of  that  obser\-ed  in  nutri- 
tion through  the  vessels  of  Tbebesius  alone.     It  was  inferred  that 


Fii;iiRK  4.  From  a  cat'*  heart  fed  from  the  right  ventricle  and  auricle,  April  5,  1897. 
Recorded  ail  houn  after  the  removal  from  the  body  and  the  beginning  of  contractions. 
The  upper  curve  was  drawn  by  mean*  of  a  Matey  tambour  counecled  with  the  cannula 
in  the  pulmonary  artery.    The  lower  curve  gives  the  time  in  seconds. 

blood  had  j^ained  access  from  the  auricle  to  the  coronary  veins,  and 
had  thus  aided  materially  in  the  nutrition.  The  question  was  there- 
fore submitted  to  experiment,  as  follows:  — 

June  36,  iSgj.  The  coronary  sinus  of  a  freshly  extirpated  cat's  heart  was 
opened  at  its  middle,  and  a  cannula  tied  into  the  distal  end.  This  cannula 
was  supported  vertically,  and  filled  to  a  height  of  iz  cm.  with  defibrinated 
arterial  blood.  A  few  minutes  after  the  introduction  of  the  blood  both 
ventricles  began  to  beat.  The  contractions  were  coordinated,  regular,  and 
complete,  and  took  place  at  intermittent  periods  for  an  hour  and  a  half; 
they  were  facilitated  by  frequent  renewals  of  the  blood.  The  amount  of 
blood  contained  in  the  cannula  was  never  more  than  4  c.c.  During  the  ex- 
periment numerous  recoveries  from  fibrillary  contractions  were  observed,  and 
records  secured  during  the  process  of  recovery.      (Fig.  5.) 

The  above  experiment  makes  evident  the  fact  that  under  very  low 
blood-pressure  the  unloaded  heart  may  be  made  to  beat  for  a  long 
time  by  feeding  it  through  the  coronary  veins  alone. 
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and  Porter.^  There  is  therefore  no  ground  for  denying  the  possi- 
bility of  recovery  in  the  human  heart,  although  it  is  likely  enough 
that  such  instances  are  extraordinarily  rare ;  and  if  the  cat's  heart 
can  be  recovered  by  feeding  through  the  vessels  of  Thebesius  or  the 
coronary  veins,  the  importance  of  these  modes  of  cardiac  nutrition 
in  the  fibrillar  contractions  of  the  hearts  of  other  mammals  can  hardly 
be  gainsaid. 

It  should  be  remarked  that  the  heart  in  the  living  animal  is,  during 
fibrillation,  in  a  state  particularly  favorable  to  nutrition  through  both 
the  vessels  of  Thebesius  and  the  coronary  veins.  Measurements 
taken  in  the  left  ventricle  show  that  the  intracardiac  pressure  rises  as 
fibrillation  draws  near,^  so  that  the  heart  is  greatly  distended  even 
before  it  has  ceased  to  beat.  The  arrest  of  the  ventricle  lowers  the 
blood-pressure  in  the  aorta,  and  hence  the  blood-pressure  in  the 
smallest  peripheral  coronary  arteries,  to  almost  nothing.  Conse- 
quently the  passage  of  the  blood  through  the  vessels  of  Thebesius 
and  the  regurgitation  from  the  auricle  through  the  coronary  veins  are 
doubly  aided ;  on  the  one  hand  by  the  relatively  high  pressure  in 
the  ventricle  and  auricle,  and  on  the  other  by  the  diminished 
resistance  in  the  coronary  vessels.  I  have  already  demonstrated  how 
slight  a  pressure  will  drive  the  blood  from  the  interior  of  the  ventricle 
or  auricle  through  the  cardiac  walls.  The  intracardiac  pressure  at 
the  onset  and  in  the  earlier  moments  of  fibrillation  would  seem  to  be 
more  than  sufficient  to  establish  such  a  circulation,  giving  the  quiver- 
ing organ  one  chance  of  recovery,  although  a  desperate  chance  at 
best. 

In  simple  arrest  of  the  heart  without  fibrillation  the  nutrition 
through  the  vessels  of  Thebesius  and  the  coronary  veins  may  work 
to  great  advantage.  Here  once  more  the  heart  is  distended ;  here 
again  the  pressure  in  the  coronary  arteries  has  fallen  very  low:  but 
no  fibrillation  dissipates  the  energy  of  the  cardiac  muscle  in  futile, 
uncoordinated  contractions.  The  occasional  recovery  of  these  ar- 
rested hearts  can  scarcely  be  explained  by  the  theory  that  leaves 
the  heart,  un-nourished  save  through  the  coronary  arteries.  It  is 
the  pressure  in  the  aorta  that  drives  the  blood  in  the  coronary  arteries 
into  the  cardiac  walls  in  spite  of  the  peripheral  resistance.  The 
aortic  pressure  is  maintained  by  the  beat  of  the  ventricle ;  the  loss 
of  a  few  successive  beats  lowers  it  enormously :  the  reservoir  receives 

^  Porter:  This  Journal,  i8()8,  i.  p.  71. 

*  Porter  :  Journ.  of  Physiol.,  1894,  xv,  p.  133. 
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nothing,  and  is  speedily  drained  through  the  smaller  arteries  into  the 
capillaries  and  veins.  The  coronary  capillaries  receive  their  portion 
with  the  rest;  but  whence  shall  they  get  more?  The  pressure  in  the 
aorta  has  fallen,  but  the  peripheral  resistance  in  the  coronary  sys- 
tem still  remains.  The  power  that  drove  the  blood  through  this 
resistance  is  gone,  and  the  capillary  areas  once  fed  through  the 
coronary  arteries  are  thereby  closed ;  they  can  be  opened  only  by 
the  forcible  contraction  of  the  left  ventricle.  But  the  ventricle  lies 
passive ;  and  should  remain  so,  according  to  the  prevailing  belief  that 
the  heart  is  self-nourished  and  must  beat  or  starve.  It  is  here  that 
the  nutrition  through  the  vessels  of  Thebesius  and  the  coronary 
veins  becomes  of  importance.  The  heart  is  self-nourished,  but  not 
through  its  arteries  alone ;  the  prostrate  ventricle,  although  it  has 
ceased  to  feed  itself  through  the  coronary  arteries,  can  still  be  fed 
by  the  blood  that  distends  its  cavities,  and  by  this  endocardiac  nutri- 
tion may  gather  strength  to  resume  its  load. 

Still  more  interesting  is  the  relation  of  endocardiac  nutrition  to 
arterio-sclerosis  of  the  coronary  arteries.  The  pathologist  often  finds 
the  coronary  arteries  thick  and  stiff  with  calcareous  deposits,  their 
lumen  greatly  reduced  or  even  wholly  gone.  And  when  he  looks  for 
the  infarcts  that  should  have  followed  the  blocking  of  the  terminal 
artery,  he  sometimes  sees  none.  The  area  formerly  supplied  by 
the  closed  artery  is  occasionally  apparently  healthy.  Life  has  con- 
tinued for  months  or  even  years  with  what  seems  an  impossible 
heart.  No  wonder  that  many  anatomists  and  physicians  still  con- 
tend in  the  face  of  conclusive  experiments  that  the  coronary  arteries 
are  not  truly  **  terminal."  How  else  can  such  immunity  from  in- 
farction be  explained?  What  but  a  collateral  circulation  through 
branches  freely  communicating  with  other  coronary  arteries  could 
have  kept  the  ever  active  muscle  from  decay?  The  failure  of  the 
distal  end  of  a  severed  coronary  artery  to  bleed  in  the  profuse  way 
that  indicates  a  free  communication  with  other  vascular  areas;  the 
fact  that  infarcts  frequently,  though  not  invariably,  follow  the  em- 
bolism or  thrombosis  of  these  vessels  during  life;  and,  most  con- 
clusive of  all,  the  easy  production  of  infarcts  by  the  ligation  of 
coronary  arteries,^  —  have  not  convinced  some  minds.  They  cling 
to  the  occasional  freedom  from  infarction  after  thrombosis  or  em- 
bolism,  and   not  seldom   attempt   to   strengthen    their   position    by 

'  KoLSTER :  Skandinav.  Arch.  f.  Physiol.,  1893,  iv,  p.  i ;  also  Porter,  Arch. 
f.  d.  gcs.  Physiol.,  1893,  Iv,  p.  366. 
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pointing  to  the  fact  that  one  coronary  artery  can  be  injected  from 
another. 

These  writers  forget  what  a  terminal  artery  really  is.  They  forget 
that  terminal  arteries,  like  all  other  blood-vessels,  communicate  with 
their  neighbors  by  capillaries.  An  artery  is  terminal,  not  because  it 
has  no  communication  with  neighboring  arteries,  but  because  this 
communication  is  of  a  particular  kind.  ** Terminal"  means  simply 
that  the  resistance  in  the  anastomosing  branches  is  greater  than  the 
blood-pressure  in  the  arteries  leading  to  these  branches.  It  is  this 
resistance  which  makes  the  artery  terminal.  The  concept  is  physio- 
logical, and  only  secondarily  anatomical.  The  fact  that  an  artery  can 
be  injected  post-mortem  from  another  artery  is  no  evidence  that  the 
living  blood  in  the  living  organ  follows  the  course  of  the  post-mortem 
injection.  The  natural  relation  between  the  blood-pressure  in  the 
arterioles  and  the  resistance  in  the  communicating  vessels  cannot  be 
imitated  with  accuracy.  Only  injections  that  pass  with  great  ease 
can  be  used  as  presumptive  evidence  against  the  terminal  nature  of 
the  artery ;  and,  as  a  fact,  aside  from  rare  abnormal  cases,  injections 
pass  from  one  coronary  artery  to  another  with  difficulty  or  not  at  all. 
The  advocates  of  the  free  anastomosis  of  the  coronary  arteries  have 
indeed  a  difficult  position,  lliey  must  explain  how  infarcts  can  follow 
the  closure  of  freely  anastomosing  vessels.  We  who  believe  in  the 
terminal  nature  of  these  arteries  need  only  explain  why  the  closure 
occasionally  fails  to  produce  infarction.  And  this  explanation  can 
now  be  given. 

A  certain  small  number  of  the  cases  in  which  closure  fails  to  pro- 
duce infarction  must  be  ascribed  to  the  abnormal  anastomoses  that 
are  occasionally  present.  It  is  possible  also  that  the  very  gradual 
closure  of  an  artery  might  permit  the  gradual  dilatation  of  the 
communicating  vessels  until  the  resistance  in  them  is  low  enough 
to  divert  a  part  of  the  blood  in  the  neighboring  areas  into  the 
anaemic  district,  and  thus  gradually  establish  sufficient  collateral  cir- 
culation to  keep  the  part  alive.  These  possibilities  have  long  been 
recognized. 

A  new  and  effective  mechanism  for  the  rescue  of  the  cardiac 
muscle  from  threatened  infarction  is  found  in  the  nutrition  through 
the  vessels  of  Thebesius  and  the  coronary  veins.  Through  these 
ever  present  channels  blood  can  be  drawn  to  the  anaemic  area  for 
the  occasional  saving  of  hearts  in  which  the  blocking  has  been 
sufficiently  slow.     Usually,  however,  the  blood  must  find  the  resist- 
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ance  in  the  arterial  capillaries  too  great  to  be  overcome,  and  will  fail 
to  prevent  infarction. 

It  is  evident  that  the  nutrition  through  the  vessels  of  Thebesius  and 
the  coronary  veins  must  modify  in  no  slight  degree  the  existing  views 
of  the  nutrition  of  the  mammalian  heart,  and  of  the  manner  in  which 
infarction  of  the  heart  takes  place. 

This  work  was  undertaken  at  the  suggestion  of  Dr.  W.  T.  Porter. 
I  wish,  in  concluding,  to  express  my  grateful  appreciation  of  his 
encouragement  and  aid. 

Summary. 

( 1 )  The  vessels  of  Thebesius  open  from  the  ventricles  and  auricles 
into  a  system  of  fine  branches  that  communicate  with  the  coronary 
arteries  and  veins  by  means  of  capillaries,  and  with  the  veins  —  but 
not  with  the  arteries  —  by  passages  of  somewhat  larger  size. 

(2)  These  vessels  are  capable  of  bringing  from  the  ventricular 
cavities  to  the  heart-muscle  sufficient  nutriment  to  maintain  long- 
continuedy  rhythmic  contractions. 

(3)  The  heart  may  also  be  effectively  nourished  by  means  of  a 
flow  of  blood  from  the  auricle  back  into  the  coronary  sinus  and  veins. 

(4)  Nutrition  through  the  vessels  of  Thebesius  and  the  coronary 
veins  contributes  to  the  recovery  of  the  heart  from  fibrillary  contrac- 
tions and  from  simple  arrest  without  fibrillation,  and  affords  a  reason- 
able explanation  of  many  cases  in  which  the  cardiac  tissues  have 
survived  for  months  or  even  years  the  closure  of  terminal  arteries 
long  believed  to  be  their  sole  supply. 


ON  THE  RELATION  BETWEEN  THE  EXTERNAL  STIM- 
ULUS APPLIED  TO  A  NERVE  AND  THE  RESULTING 
NERVE  IMPULSE  AS  MEASURED  BY  THE  ACTION 
CURRENT. 

By  C.  W.   GREENE. 

Instructor  in  Physiology,  Stanford  University. 
[FrofM  the  Physiological  Laboratory  of  the  Johns  Hopkins  University  \ 

THE  experiments  described  in  this  paper  were  undertaken  with 
the  idea  of  ascertaining  the  quantitative  relation  between  the 
strength  of  the  external  stimulus  applied  to  the  nerve,  and  the 
strength  of  the  resulting  nerve  impulse.  The  nature  of  the  nerve 
impulse  is  as  yet  undetermined.  We  may  recognize  its  presence  in 
the  nerve,  however,  in  two  ways:  by  the  change  in  the  electrical 
condition  of  the  nerve  fibres  which  accompanies  the  nerve  impulse, 
or  by  the  changes  produced  in  the  peripheral  organ  in  connection 
with  the  nerve.  In  the  latter  case  the  quantitative  changes  in  the 
peripheral  organ  obey  laws  peculiar  to  the  organ  itself,  and  cannot, 
therefore,  be  used  directly  as  an  index  to  the  quantitative  changes 
in  the  nerve  fibres. 

On  the  other  hand,  the  changes  in  the  electrical  condition  of  the 
nerve  are  immediately  associated  with  and  are  presumably  the  direct 
result  of  the  changes  constituting  the  nerve  impulse.  The  intensity 
of  the  electrical  change  is  measurable  in  the  form  of  the  action 
current.  In  the  experiments  described  in  this  paper  the  action 
current  is  taken  throughout  as  a  measure  of  the  intensity  of  the 
nerve  impulse,  it  being  assumed,  in  accordance  with  recent  authors,^ 
that  the  action  current  varies  proportionately  with  the  change  con- 
stituting the  nerve  impulse. 

In  support  of  this  assumption  we  may  refer  especially  to  the  work 
of  Waller,  who  has  made  extensive  use  of  the  action  current  in  the 
study  of  the  reactions  of  nerve  fibres  to  anaesthetics  and  to  many  of 

^  A.    D.   Waller  :    Brain,   xviii   and   xix ;    and  Journal  of   physiology,   xviii, 
p.  xxxviii. 

BiEn?:RMANX  :    Electrophysiologie,  p.  658,  E.  Stein ach  :    Pfliiger's  Archiv., 
1894,  Iv,  p.  487. 
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the  chemical  reagents  used  in  experimental  physiology  and  in  medi- 
cine. His  work  offers  strong  presumptive  evidence  in  favor  of  the 
view  that  there  is  a  direct  relation  between  the  action  current  and 
the  nerve  impulse. 

Waller  also  made  observations  on  the  relation  between  the  strength 
of  the  external  stimulus  and  the  resulting  electrical  change  in  the 
nerve.  He  reached  conclusions  which  will  be  discussed  later  in 
the  paper. 

Methods  and  Apparatus. 

Determinations  of  the  quantitative  relation  between  the  strength 
of  the  external  stimulus  applied  to  a  nerve  and  the  strength  of  the 
resulting  nerve  impulse  were  made  on  isolated  nerves  from  the  frog 
(Rana  virescens),  the  terrapin  (Pseudemys,  two  species),  the  cat,  and 
the  dog.     The  particular  nerves  used  were  the  sciatic,  ulnar,  and  vagus. 

Isolated  pieces  of  nerve  five  to  six  centimetres  in  length  were  used 
for  experimentation.  During  an  experiment  the  nerve  was  laid  across 
two  pairs  of  nonpolarizablc  electrodes  in  a  moist  chamber,  one  pair 
of  the  electrodes  being  used  to  stimulate  one  end  of  the  nerve,  the 
other  pair  to  lead  off  the  action  current  from  the  other  end  of  the 
nerve  to  a  very  sensitive  aperiodic  galvanometer. 

The  form  of  stimulus  used  throughout  the  experiment  was  the 
induced  current  produced  by  a  du  Bois-Reymond  induction  coil. 
The  secondary  circuit  included  an  automatic  short-circuiting  key, 
the  stimulating  electrodes,  and  an  electrodynamometer.  The  short- 
circuiting  key  consisted  of  a  small  clock  placed  horizontally  and 
carrying  on  its  second-hand  a  platinum  connector  which  revolved  in 
two  parallel  circular  mercury  troughs.  One  of  these  troughs  was 
interrupted  for  a  definite  proportion  of  its  circumference. 

The  intensity  of  the  stimulus  was  varied  by  moving  the  secondary 
coil  of  the  induction  apparatus  toward  or  away  from  the  primary 
coil,  according  to  the  maker's  scale  of  proportional  currents,  the 
intensity  of  the  resulting  current  being  measured  by  the  electro- 
dynamometer  in  the  circuit.  The  primary  circuit  was  fed  by  a  large 
storage  cell  with  sufficient  resistance  in  the  circuit  to  give  a  cur- 
rent of  the  desired  intensity.  This  arrangement  gave  a  practically 
constant  current  during  the  time  limits  of  an  experiment.  The 
current  was  interrupted  by  the  Neef's  hammer  attached  to  the  induc- 
tion coil.  Helmholtz's  modification  was  used  for  equalizing  the 
make  and  the  break  inductions. 
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The  electrical  measuring  instruments  used  in  these  experiments 
are  new  and  especially  adapted  to  physiological  work.  They  may, 
therefore,  be  given  special  mention.  Both  instruments  were  devised 
by  Professor  H.  A.  Rowland  of  the  Johns  Hopkins  University. 

The  galvanometer  is  of  the  d'Arsonval  type.  It  consists  of  a  small 
coil  of  fine  wire  suspended  between  the  closely  approximated  poles 
of  a  powerful  horse-shoe  magnet.  The  coil  is  suspended  by  a  phos- 
phor-bronze filament  and  the  circuit  is  completed  by  a  spiral  spring 
of  the  same  material  at  the  bottom  of  the  coil.  The  instrument  is 
rendered  aperiodic  by  a  mica  vane  attached  to  the  suspended  coil 
and  swinging  in  an  enclosed  box.  The  deflections  of  this  movable 
coil  are  determined  by  means  of  a  telescope  reading  the  divisions  of 
a  scale  reflected  from  a  mirror  attached  to  the  coil.  The  reading 
telescope  is  attached  to  the  instrument  by  means  of  a  horizontal  arm 
which  can  be  raised  or  lowered. 

The  galvanometer  is  independent  of  the  earth's  magnetism  and  can 
therefore  be  placed  upon  any  convenient  supporting  surface  without 
reference  to  the  magnetic  meridian.  When  the  instrument  is  once 
adjusted  it  is  always  ready  for  immediate  use,  and  its  sensitiveness, 
the  ease  and  accuracy  with  which  its  deflections  may  be  read,  and 
its  freedom  from  vibrations,  make  it  very  convenient  in  physiological 
experimentation. 

The  particular  instrument  used  in  these  experiments  has  a  resist- 
ance of  671  ohms,  and  gives  a  current  value  of  49  ten-millionths  o{  a 
milli-ampere  (49  X  iO"*"amperes)  per  millimetre  of  scale  deflection. 

The  electrodynamometer  consists  of  a  small  high  resistance  coil  of 
fine  wire  suspended  within  and  at  right  angles  to  a  fixed  coil  of  high 
resistance.  The  free  coil  is  suspended  in  precisely  the  same  manner 
as  in  the  galvanometer  just  described.  The  instrument  is  rendered 
aperiodic  by  a  mica  vane,  and  the  deflections  are  read  by  means  of  a 
telescope  and  scale,  as  in  the  galvanometer.  The  magnetic  field  in 
this  instrument  is  produced  by  passing  the  current  to  be  measured 
through  the  fixed  coil.  A  current  sent  through  both  coils  gives  a 
deflection  in  a  constant  direction,  whether  the  current  be  direct  or 
rapidly  reversed.  It  is  therefore  especially  adapted  to  the  measure- 
ment of  alternating  induction  currents,  such  as  are  used  in  physio- 
logical experiments. 

The  deflection  of  the  suspended  coil  in  this  instrument  represents 
the  mean  squares  of  the  series  of  waves  of  induced  current,  hence 
the  mean  current  varies  directly  as  the  square  root  of  the  deflection. 
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^e  of  the    clectrodynamometer  used    is   3371    ohms. 

irrent  methods  it  gives  a  standard  value  of  158 

I  milli-ampere   (158  X  lO"^  amperes)  for  the  unit 

the  square  root  of  the  scale  deflection  measured 

must   be  remembered,  however,  that  this  value 

.he  mean  value  of  the  series  of  waves  of  induced 

I  above. 

customed  to  use  induction  currents  for  physiological 

.  will  be  of  additional  value  to  know  that  2.5  units  of 

neasured    on   this   clectrodynamometer  can  just   be  de- 

che  sensory  effect  on  the  tip  of  the  tongue,  that  6  to  8 

me  sharp,  and  12  units  painful. 

»nge  of  stimulation  strength  ordinarily  used  in  the  laboratory 

jetween  5   and  10  units   of  current  as  defined   above.     The 

of  the  dynamometer  extends  from  0.5  to  15  units.     This  range 

ibout  covers  the  working  range  of  stimulating  currents,  though 

cely  delicate  enough  to  measure  minimal  stimuli  for  very  sensi- 

e  nerves,  such  as  those  of  winter  frogs. 

In  each  experiment  the  nerve  was  stimulated  for  12  seconds,  once 
every  minute,  until  the  desired  variation  of  strength  of  stimulation 
was  obtained.  The  resulting  action  currents  were  led  from  the  nerve 
to  the  galvanometer  for  measurement.  The  time  of  the  stimulation 
was  regulated  by  the  automatic  short-circuiting  clock  key  already 
described.  The  strength  of  the  stimulus  was  varied  by  moving  the 
secondary  coil  toward  or  away  from  the  primary  in  the  interval 
between  stimulations. 

In  some  control  experiments  records  of  the  muscular  contractions 
were  also  taken.  In  these  experiments  the  gastrocnemius  muscle 
was  left  in  connection  with  the  sciatic  nerve  and  arranged  in  the 
usual  way  in  the  moist  chamber,  the  muscle  lever  recording  on  a 
slowly  moving  drum.  The  sciatic  nerve  was  stimulated  near  the 
muscle  and  the  resulting  action  current  was  led  off  from  the  central 
end  of  the  nerve  to  the  galvanometer.  Experiments  of  this  kind 
were  made  on  preparations  from  the  frog  and  the  turtle,  but  not  on 
the  nerves  from  mammals.  However,  in  most  experiments  the 
isolated  nerve  alone  was  used. 

The  Results  of  Experiments. 

The  quantitative  relation  between  the  strength  of  the  external 
stimulus  applied  to  the  nerve  and  the  strength  of  the  action  current 
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produced  by  it,  is  shown  in  the  curves  constructed  from  the  experi- 
ments. In  these  curves  I  have  plotted  units  of  increase  of  stimulat- 
ing current  along  the  abscissae  and  the  associated  change  in  the 
strength  of  the  action  current  along  the  ordinates. 

One  millimetre  of  scale  deflection  of  the  galvanometer  by  the 
action  current  has  a  value  of  49  ten-millionths  of  a  milli-ampere,  as 
previously  stated.  There  is  a  great  difference  in  the  absolute  values 
of  the  action  currents  obtained  from  different  nerves,  but  as  we  are 
concerned  here  only  with  the  relative  variations  in  values  I  have 
reduced  all  curves  to  a  uniform  magnification  in  order  to  facilitate 
comparisons. 

Nerves  of  the  Prog.  —  The  plotted  curve  expressing  the  relation 
between  stimuli  of  different  strengths  applied  to  a  frog  nerve  and  the 
strengths  of  the  resulting  action  currents  shows  three  characteristic 
parts  (Fig.  I.  ) :  (i)  an  abruptly  ascending  straight  limb,  including 
the  range  from  minimal  nerve  stimuli  to  stimuli  above  the  strength 
that  calls  forth  maximal  muscular  contractions ;  (2)  a  middle  portion, 
in  which  the  curve  is  still  ascending  but  strongly  concave  to  the 
abscissa;  (3)  a  supra-maximal  straight  portion  parallel  to  or  more 
often  slightly  diverging  from  the  abscissa. 

These  regions  I  shall  now  describe  in  greater  detail.  The  first  rec- 
ord of  a  current  of  action  in  a  frog  nerve  was  obtained  when  the  nerve 
was  stimulated  with  an  induced  current  just  strong  enough  to  produce 
a  minimal  muscular  contraction.  This  was  the  usual  result  in  test 
experiments,  although  sometimes  the  minimal  muscular  contraction 
was  obtained  with  a  stimulus  slightly  weaker  than  that  causing  a 
readable  action  current  in  the  nerve.  In  every  case  the  minimal 
action  current  produced  in  the  galvanometer  a  deflection  of  only  a 
fraction  of  a  millimetre. 

A  series  of  stimuli  applied  to  the  nerve,  increasing  above  the 
minimal  stimulus  by  very  small  but  equal  increments  up  to  a  strength 
about  twice  that  necessary  to  call  forth  a  maximal  muscular  effect, 
produced  a  relatively  strong  and  rapid  increase  in  the  action  current. 
This  increase  in  the  action  current  was  by  increments  proportional  to 
the  increase  in  stimulus,  giving  in  the  plotted  curve  a  straight  line. 
Such  slight  variations  as  occurred  in  successful  experiments  were 
apparently  within  the  limits  of  error  of  determination.  The  strength 
of  a  minimal  stimulating  current  for  the  ncr\'e  varied  from  0.02  to  0.2 
units.  The  increase  in  stimulus  that  was  necessary  in  order  to  call 
forth  maximal  muscular  contractions  in  test  experiments,  was  approxi- 
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mately  0.2  of  a  unit     The  upper  limit  of  the  first  straight  portion  of 
the  curve  is  not  sharply  bounded. 


Curve  representing  the  quantitative  relation  between  the  strength  of  an  external  stimulut 
applied  to  the  frog's  sciatic  and  the  strength  ai  the  resulting  action  current.  The 
abscissx  represent  units  of  stimulating  currenl  (i  unit  =  158X10-'  amperes).  The 
ortlinales  represent  units  of  action  current  (t  unit  =  49X  lO"""  amperes).  The  dots  on 
the  plot  represent  the  individual  readings.  The  mean  for  this  aeries  of  readings  was 
drawn  after  a  comparison  of  .several  typical  experiments. 

Mi.  Minimal  muscular  effects.    Ma.  Maximal  muscular  effects. 

A  further  increase  in  the  strength  of  the  stimulus  above  that  just 
described  produced  an  increase  in  the  action  current  of  the  nerve, 
but  the  added  increments  of  action  current  accompanying  the 
increase  in  stimulus  were  successively  smaller.  At  this  point 
the  plotted  curve  is  strongly  concave  to  the  abscissa.  This  middle 
portion  of  the  curve  of  relation  between  the  strength  of  the 
stimulus  and  the  strength  of  the  action  current  varies  in  extent 
and  in  degree  of  concavity,  and  its  limits  can  be  determined  only 
very  roughly. 

A  further  increase  in  the  strength  of  the  stimulus  produced  only 
a  slight  additional  increase  of  the  action  current,  even  though  the 
strength  of  the  stimulus  was  increased  tenfold  and  more.     This  slight 
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increase  in  the  action  current  was  by  increments  proportional  to  the 
increase  in  stimulus.  When  plotted,  the  results  give  a  straight  line 
slightly  diverging  from  the  abscissa.  Occasionally  there  is  no  in- 
crease in  the  amount  of  the  action  current,  and  the  line  is  then  par- 
allel to  the  abscissa. 

The  nerves  of  winter  frogs  are  sometimes  very  irritable  and  the 
relations  of  minimal  stimuli  to  the  corresponding  action  currents  are 
accordingly  difficult  to  determine.  The  strength  of  minimal  stimuli 
for  many  frog  nerves  was  too  slight  to  be  measured  by  the  electro- 
dynamometer,  and  in  such  experiments  it  was  determined  indirectly 
by  the  corrected  scale  of  the  induction  coil.^  In  these  very  irritable 
nerves  the  abruptness  in  the  increase  in  action  current  with  small 
increase  above  minimal  stimuli  is  most  marked.  Variations  and 
irregularities  were  frequently  obtained  also  in  the  response  of  frog 
nerves  to  stronger  stimuli. 

Nerves  of  the  Terrapin.  —  Nerves  of  the  terrapin  (Pseudemys), 
arc  much  less  irritable  than  those  of  the  frog,  but  the  curve  of  rela- 
tion between  stimulus  and  action  current  response,  plotted  from 
experiments  on  the  sciatic  of  the  terrapin,  exhibits  the  general  charac- 
ters just  described  for  that  of  the  sciatic  of  the  frog.  That  is,  it  shows 
a  beginning  straight  limb  of  rapidly  increasing  action  current  pro- 
duced by  slight  increase  in  the  energy  of  the  stimulus,  a  middle 
portion  concave  to  the  abscissa  in  which  the  action  current  still 
increases,  but  by  diminishing  increments,  and  a  long  supra-maximal 
straight  limb  slightly  diverging  from  the  abscissa. 

The  first  straight  part  of  the  curve  usually  ascends  less  abruptly 
from  the  abscissa  and  the  second  curved  portion  is  usually  longer 
and  less  concave  than  in  the  curve  from  the  frog's  sciatic.  The 
series  of  tests  as  a  whole  was  more  regular  and  constant  than  in  the 
experiments  on  the  frog's  sciatic. 

The  total  action  current  obtained  from  the  nerves  of  the  terrapin 
was  relatively  much  less  than  that  obtained  from  the  frog's  sciatic. 
A  minimal  stimulus  for  the  sciatic  of  the  terrapin  varied  from  o.  7  to 
2  units  of  stimulus;  an  increase  above  this  by  0.3  to  0.7  units  pro- 
duced a  maximal  stimulus  for  the  muscle  attached  to  the  nerve  in 
test  experiments. 

1  By  a  new  arrangement  of  the  dynamometer,  suggested  by  Professor  Rowland, 
this  difficulty  has  been  obviated,  the  sensitiveness  of  the  dynamometer  being  so 
greatly  increased  that  minimal  or  sub-minimal  stimulating  currents,  even  for  very 
irritable  nerves,  can  probably  be  determined  without  difficulty. 
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The  results  of  experiments  on  the  vagus  of  the  terrapin  have  been 
quite  variable.     In  eight 
experiments     no     action 
current  was  obtained  from 
the  vagus,  even  with  ex- 
cessively  strong   stimuli. 
In  other  experiments,  es- 
pecially after  the  nerves     \ 
were  kept   in   the    moist     " 
chamber  for  from  one  to     g 
three    hours,    an    action     ■^ 
current  of  relatively  slight     -| 
intensity    was    obtained. 
The    results    of    experi- 
ments which  yielded  the 
most  pronounced   action 
currents,    when     plotted, 
exhibit   in  a  degree   the 

relations    shown    by   the  udu  oi  srimui.ikg  cumni. 

curve  from  the  sciatic  of  Fic.  2.    Sciatic  of  the  terrapin.    Experiment  101, 
the    terrapin.       However.    Curve  representing  the  quantitative  relation  between 
the   first   straight  portion        thestrengthofanextemalstimuUtingcurrentapplied 
-    ,  .        ,  .  lo  ihe  sciatic  of  the  terrapin  and  the  slrenglh  of  the 

of  the  curve  is  obscure  in  ,^,,„i„g  ,,(;„„  ,„„^„,.    ^s  in  Fig, :,  the  absciss* 

experiments  on  the  vagus  represent  units  of  stimulating  current,  while  the  ordi- 

in  that  it  merges  at  once  ">•"  represent  units  of  action  current.    The  upper 

■  _.      .,                   .          .  limb  of  the  curve  in  Ihis  experiment  diverges  from 

into  the  second  or  strong-  ....              .,.     .      !i                i  .1     1.  . 

°  the  abscissa  more  than  does  Ihe  averageof  Ihe  whole 

ly  concave  portion.      The  set  of  experiments, 

upper  straight  limb  of  the  Ml.     Minimal  muscular  effects.    Ma.    Maximal  mus- 

curve  is  quite  closely  com-      "^^  *"""-.„  , 

^  .  Th«stnkingdifferencemirn(abililyof  nerves  from  the 

parable  to  that  m  curves    („g  ^^^  £(„„  tj,e  terrapin  is  shown  by  Figs.  1  and  a. 

from  the  sciatic  nerve. 

Nerrei  of  tb«  Cat  and  the  Dog.  —  Nerves  of  the  cat  and  the  dog  were 
used  under  precisely  the  same  conditions  as  those  of  the  frog  and  the 
terrapin.  The  curve  expressing  the  relation  between  the  strength  of 
the  external  stimulus  and  the  strength  of  the  action  current  in  nerves 
of  the  cat  and  the  dog  (Figs.  3  and  4)  is  very  like  that  obtained  from 
the  frog  or  the  terrapin.  Beginning  with  minimal  stimuli  applied  to 
the  nerve  and  increasing  by  small  but  equal  increments  of  stimulation 
there  is  a  rapid  increase  in  the  amount  of  the  action  current  also  by 
equal  proportional  increments. 
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This  ascending  straight  limb  of  the  curve  is  followed  by  a  middle 
portion  increasing  by  diminishing  increments  and  thus  concave  to 
the   abscissa,   and   this,  finally,  by   a   long  supra-maximal  straight 
portion  diverging  slightly  from  the 
abscissa.      The   middle   portion   of 
the  curve  is  usually  longer  and  less 
concave  (Fig.  4,  ab)  than  in  the 
curves  from  the  nerves  of  the  frog 
i  or  the  terrapin,  but  sometimes  this 

I  difference   is   not   apparent.      In   a 

o  small  percentage  of  experiments  on 

J  the  sciatic  of  the  dog  I  have  obtained 

*  an  initial  short  curve  convex  to  the 

H  abscissa.     That  is,  with  an  increase 

by  equal  increments  above  a  mini- 
mal stimulus  for  the  nerve  there  is 
for  one  or  two  readings  an  increase 
in  the  action  current  by  successively 
"  1  s  s  4  6  0  increasing  increments.  This  short 
niuo  siimu  i.ngcu.reni.  initial   part  of  the  curve  is  always 

followed  by  the  first  straight  portion 
as  described  above.  It  should  be 
stated  here  that  the  long  and  tedious 
precautions  for  cooling  the  animal  to 
room  temperature  before  its  death, 
as  described  by  Bernard,  Schiff,  and 
Israel,'  seemed  unnecessary  and  were 
not  observed.  The  animals  used 
were  such  as  had  been  killed  in  the 
laboratory  at  the  end  of  other  ex- 
periments. The  nerves  were  taken 
soon  after  the  animal  was  killed  in 
some  instances,  and  in  others  not  until  the  animal  had  cooled  to  near 
the  room  temperature.  In  one  case,  one  sciatic  of  a  dog  was  removed 
at  once  after  the  animal  was  killed,  the  other  after  it  had  cooled  to 
near  the  room  temperature.  No  difference  was  observed  between 
the  character  of  the  results  in  experiments  made  on  the  two  nerves 
immediately  thereafter.  However,  after  being  kept  over  night  on 
clean  filter  paper  moistened  with  physiological  saline  solution,  the 
•  Oscar  Israel  :  Arch,  fiir  Anat.  u.  Physiol,  (physiol.  Abth.),  1877,  p.  443. 


Showing  the  relalion  between 
strength  of  an  eilernal  stimulus 
the  stiength  of  the  resulting  a 
curcetit.  Units  of  stimulating  cu 
along  (he  abscissx,  units  of  actior 
rent  along  the  ordi nates. 

For  th«  full  extent  of  the  upper  straight 
limb  of  the  curve,  compare  with  Fig. 
4.  This  experiment  was  performei 
after  the  nerve  had  been  kept  alive  ii 
the  moist  chamber  at  room  tempera 


External  Stimulus  and  Nerve  Impulse.  1 1 3 

warm  nerve  gave  no  response  even  to  the  strongest  stimuli,  while  the 
cooled  nerve  was  still  alive  as  shown  by  the  strong  action  current. 
A  nerve  taken  from  the  body  of  a  dog  after  1 5  hours,  was  dead,  while 
nerves  from  the  same  dog  removed  immediately  and  kept  on  filter 
paper  for  1 5  hours  were  still  alive  and  very  irritable,  as  shown  by 
the  marked  action  current  caused  by  stimulation. 


UnlKCrfSlUB. 

Fig.  4.  Sciatic  of  the  dog. 
Curvn  expressing  the  relation  between  the  strength  of  stimulating  currenl  and  the  result- 
ing action  current.  No.  91,  nj,  from  the  nerve  immediately  after  its  removal  from 
Ihe  body.  No.  95,  cd,  from  the  same  nerve  after  17  hours  in  a  moist  chamber  at 
room  temperature.  The  curve  cH  shows  in  comparison  with  Ihe  curve  ak  the  increase 
in  irrilability  and  decrease  in  the  amount  of  the  action  current  which  occurs  when 
nerves  are  kept  for  some  lime.  No.  I  tS.  tf,  the  beginning  of  a  curve  introduced  here 
to  show  the  initial  minimal  portion  convex  to  the  abscissa.  C'urve  id  also  shows  the 
phenomenon.  The  values  of  the  stimulating  current  and  the  action  current  are  not 
given  in  curve  tf,  but  the  magnification  is  about  twice  that  of  the  curves  ab  and  (J. 

Nerves  from  dogs  and  cats  remain  alive  in  the  moist  chamber  at 
room  temperature  a  surprisingly  long  time.  Nerves  from  the  dog 
have  been  frequently  kept  alive  over  night  and  experimented  on  the 
next  day  15  to  20  hours  after  removal  from  the  body  of  the  animal. 
In  one  case  two  sciatics  and  an  ulnar  of  the  dog  were  alive  and  hyper- 
irritable  after  25  hours,  and  the  following  morning,  after  an  isolation 
of  41  hours '  at  room  temperature,  the  ulnar  still  gave  a  small  action 
current;  the  two  sciatics  gave  no  action  current,  i.  e.,  were  no  longer 

'  L.  Frcdericq  obtained  an  action  current  after  24  hours.  Archiv.  f.  Anat.  u. 
Phj-sioL,  1880,  p.  70. 
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capable  of  responding  to  stimuli.     Even  in  these  sciatics,  however, 
very  strong  currents  of  rest  were  present. 

I  have  uniformly  obtained  a  strong  action  current  from  isolated 
nerves  of  the  dog.  The  action  current  decreases  after  I2  hours  (see 
Table),  but  a  current  may  still  be  obtained  after  at  least  41  hours. 
The  action  current  varied  from  20  to  30  per  cent  of  the  demarcation 
current  in  fresh  nerves.  The  strongest  action  current  Griitzner' 
obtained  from  rabbit  nerves  did  not  exceed  4  per  cent  of  the  demar- 
cation current.  As  the  nerves  were  kept,  the  demarcation  current 
increased  for  some  time,  becoming  two  to  three  times  the  original  value 
after  15  hours, — the  measurement  being  made  after  a  fresh  section 
of  the  nerve.  This  increase  in  the  value  of  the  demarcation  current 
was  true  also  for  the  nerves  of  the  terrapin,  and  has  been  described 
before  in  the  nerves  of  frogs.* 

TABLE 

Showing  data  from  successive  experiments  on  the  same  nerves  to  iiiustrate  the  increase  in 

irritabiiitjy  and  the  decrease  in  maximal  action  current^  wbicb  occur  wbett  the  mrve 

is  kept  alive  on  filter  paper  wet  with  physiological  saline  solution. 

From  the  Ulnar  Nerve  of  the  Dog. 


Strength  of  Stimulating  Cur- 

Strength of  Action  Current 

Ulnar  of  Dog. 

rent  giving  rise  to  a  mini-    . 

with  a  supra-maximal  stimulus, 

mal  action  current. 

10  units. 

After  20  minutes. 

ISH  units. 

33  2  mm.  of  deflection. 

"      18  hours. 

.54      '• 

17.4 

"      24      " 

.25      " 

9.8 

"      41       " 

.55      " 

0.9          •' 

The  irritability  of  isolated  nerves  from  the  cat  and  the  dog  increased 
for  several  hours,  24  hours  at  least,  and  then  decreased  until  its  final 
disappearance.  The  test  on  which  this  statement  is  based  is  the 
strength  of  a  minimal  stimulus  necessary  to  produce  an  action  cur- 
rent in  the  nerve. 

Comparison  of  Results. 

From  about  one  hundred  and  twenty  experiments  I  am  unable  to 
deduce  any  general   law  applicable  to  the  entire  curve  of  relation 

1  Grutzner:  Pfliiger's  Archiv.,  1881,  xxv,  p.  278. 
*  Howell  :  Journal  of  physiology,  1894,  xvi,  p.  476. 
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between  the  external  stimulus  applied  to  a  nerve  and  the  strength  of 
the  action  current  produced.  There  is  a  close  similarity  in  the  form 
of  the  curves  expressing  the  results  of  experiments  on  nerves  from 
the  three  classes  of  animals  used.  In  every  case  the  entire  curve 
shows  three  distinct  parts  as  described  above.  Each  of  these  parts 
varies  according  to  its  own  laws.  The  first  part  and  the  last  portion 
vary  according  to  arithmetical  ratios,  but  the  ratios  are  different  in 
the  two  portions. 

Waller,*  from  his  experiments,  describes  the  relation  of  the  strength 
of  the  external  stimulus  and  the  action  current  response  as  an 
S-shaped  curve  consisting  of  three  portions:  (i)  an  initial  "short 
subminimal  portion  convex  to  the  abscissa,  increasing  by  increasing 
increments;  (2)  a  long  straight  middle  portion,  inclusive  of  and 
beyond  the  functional  range  of  nerve  measured  by  maximal  muscular 
effects,  increasing  by  equal  increments;  (3)  an  ultra-maximal  por- 
tion far  above  the  values  of  maximal  functional  effects  concave  to  the 
abscissa,  increasing  by  diminishing  increments." 

The  first  sub-minimal  portion  of  the  curve  that  he  describes  I  have 
been  unable  to  obtain  on  the  nerves  of  the  frog.  But  on  the  sciatic 
of  the  dog  I  have  obtained  a  short  initial  curve  similar  to  that 
described  by  Waller  for  the  nerves  of  the  frog,  although  I  cannot  say 
what  relation  it  bears  to  minimal  muscular  contractions.  This  initial 
curve  in  the  nerves  of  the  dog,  when  present,  is  much  more  strongly 
marked  than  in  the  single  curve  which  Waller  shows.  In  fact,  the 
particular  experiment  that  he  has  plotted  exhibits  a  variation  scarcely 
greater  than  might  be  accounted  for  by  the  limits  of  error  in  determi- 
nation. However,  some  of  his  tables,^  if  plotted,  show  the  phenom- 
enon much  more  strongly,  while  others  do  not  exhibit  it  at  all. 

My  results  on  all  nerves  confirm  Waller's  statements  with  reference 
to  the  second  part  of  the  curve  which  he  describes.  That  is,  I  have 
found  that  variations  in  the  strength  of  the  stimulus  between  the 
limits  of  strength  that  call  forth  minimal  and  maximal  muscular  con- 
tractions are  accompanied  by  proportionately  increasing  increments 
of  action  current.  In  experiments  in  which  I  have  used  the  nerve 
alone,  this  region  is  a  straight  line  in  the  plotted  results.  Waller's 
supra-maximal  portion  of  the  curve  seems  to  correspond  with  the 

'  Waller  :  Brain,  xviii,  p.  200. 

«  Waller:    Journal  of  physiolog>-,   1895,  xviii,  p.  xxxii,   Exps.   103,   130a, 

130b. 
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middle  portion  of  my  curves,  which,  following  his  description,  I  have 
spoken  of  as  concave  to  the  abscissa. 

The  third  or  supra-maximal  straight  portion,  which  I  have  de- 
scribed and  figured,  he  does  not  describe,  although  the  data  for  it  is 
contained  in  one  of  his  protocols  (No.  io6).  Throughout  this  portion 
of  the  curve  a  wide  variation  in  the  strength  of  the  stimulating  current 
occasions  but  little  and  in  some  cases  practically  no  variation  in  the 
strength  of  the  action  current.  We  have  here  a  phenomenon  which 
at  first  sight  suggests  a  comparison  with  the  maximal  contraction  of 
a  muscle.  This  maximum  is  reached,  in  the  nerve,  at  a  point  far 
beyond  the  strength  necessary  to  cause  a  maximal  muscular  con- 
traction. It  lies,  therefore,  beyond  the  probable  range  of  normal 
functional  activity.  As  between  the  muscle  and  the  motor  nerve, 
however,  it  may  be  said  that  the  latter  is  capable  of  imparting  a 
stimulus  far  in  excess  of  that  necessary  for  the  production  of  a  maxi- 
mal shortening  in  the  muscle.  How  completely  this  relation  may  hold 
when  the  nerve  fibre  is  stimulated  from  its  cell  instead  of  directly  by 
artificial  means,  cannot  be  determined. 

Finally,  I  wish  to  express  my  deep  obligation  to  Professor  W.  H. 
Howell,  at  whose  instigation  this  work  was  undertaken.  To  his  many 
helpful  directions  and  suggestions  given  while  prosecuting  the  inves- 
tigation, and  especially  to  his  kindly  criticism  during  the  preparation 
of  the  manuscript,  are  chiefly  due  whatever  of  value  attaches  to  this 
paper. 


ON   THE   NATURE   OF  THE   CARDIOPNEUMATIC 

MOVEMENTS. 

By  S.  J.  MELTZER. 

[/r«w  the  Department  of  Physiology  of  Columbia  University ^  at  the  College  of  Physicians 

and  Surgeons y  New  YorkJ\ 

FOR  more  than  thirty  years  it  has  been  known  that  the  air  in  the 
respiratory  tract  shows  slight  periodical  oscillations,  synchron- 
ous in  rhythm  and  time  with  the  cardiac  beats,  — the  cardiopneumatic 
movements,  as  they  have  been  called  since  Landois  first  gave  them 
the  name. 

C.  Voit  ^  observed  these  movements  while  breathing  through  a 
Miiller's  valve.  During  a  respiratory  intermission  in  which  the  glot- 
tis remained  open  and  the  nose  closed,  regular  oscillations  were 
noticed  consisting  of  tiny  inspirations  and  expirations.  Voit  found 
the  inspiratory  motion  synchronous  with  the  systole,  and  the  expira- 
tory with  the  diastole  of  the  heart.  He  explained  the  phenomenon 
by  the  assumption  that  each  systole  —  diminishing  the  volume  of  the 
heart  —  causes  a  lowering  of  pressure  within  the  thoracic  cavity,  and 
thereby  an  aspiration  of  air  by  the  lungs,  —  an  inspiration ;  while  the 
diastole  increases  the  pressure,  and  causes  an  expiration. 

Two  years  later  Tern^  van  der  Heul,^  under  the  direction  of  Bon- 
ders, attempted  to  get  tracings  of  these  movements  as  they  are 
obtainable  from  the  nose,. and  was  surprised  to  find  that,  in  his  case, 
the  inspiration  coincided  with  the  diastole  and  the  expiration  with 
the  systole,  the  tracing  presenting  a  regular  sphygmogram.  It  is 
probable,  however,  that  in  van  der  Heul's  case  the  glottis  was  closed 
while  the  tracings  were  taken,  these  therefore  being  in  fact  nothing 
but  sphygmograms.  /.  r.,  the  variation  in  the  volume  of  blood  within 
the  closed  cavity  of  the  nose.  Many  persons,  as  Mosso  has  shown, 
are  indeed  unable  to  keep  the  glottis  open  while  they  stop  breathing. 
The  writer  of  this  article  can  witness  to  that  fact.  In  the  few  attempts 
which  he  has  made  to  obtain  cardiopneumograms  from  the  nose  the 
result  has  been  invariably  a  sphygmogram. 

*  Voit:  Zeitschrift  fiir  Biologic,  1865,  i,  p.  390.  The  phenomenon  had 
already  been  described  before  Voit  by  Huisson,  Gaz.  med.  de  Paris,  1861,  p.  320. 

*  TERNit  VAN  DER  Heul  :  Nedeflandsch  Archief  voor  Genees-  en  Natuur- 
Kunde,  1867. 


ii8  .S*.  /.  Melizer. 

CeradinP  studied  the  movements  at  first  by  means  of  a  manometer 
connected  with  the  nose  or  mouth,  and  containing  smoke  or  colored 
liquid ;  he  confirmed  the  statement  of  Voit,  and  also  adopted  his 
explanation  of  the  phenomenon.  In  a  later  study ,^  however,  Cera- 
dini  modified  his  first  interpretation.  He  came  to  the  conclusion 
that  the  systolic  condition  of  the  heart  could  not  change  the  pressure 
within  the  thoracic  cavity  as  long  as  the  blood  put  out  from  the  left 
ventricle  is  still  within  the  cavity.  Ceradini,  therefore,  now  assumed 
that  the  oscillations  did  not  originate  from  the  change  in  the  volume 
of  the  heart,  but  from  the  change  in  the  volume  of  blood  present  m 
the  thoracic  cavity;  the  inspiration  being  due  to  the  outflow  from 
the  cavity  of  the  chest,  and  the  expiration  due  to  the  inflow  of  blood 
into  the  cavity.  Ceradini  also  obtained  tracings  of  these  movements 
by  means  of  an  instrument  which  he  called  "  Haemothorakograph- 
ion,"  ^  but  never  published  them. 

In  1876  Landois*  published  an  elaborate  monograph  on  these 
oscillations,  which  he  termed,  as  stated  above,  cardiopneumatic  move- 
ments. He  studied  the  movements  with  the  aid  of  the  manometric 
flame,  and,  also,  by  means  of  his  cardiopneumograph,  obtained  trac- 
ings of  them  from  the  nose  and  mouth  of  men  and  from  the  trachea 
of  curarized  dogs.  The  skeleton  of  his  tracings  shows  a  sudden  steep 
inspiratory,  and  a  gradual,  slanting  expiratory  undulation,  which 
Landois,  adopting  Ceradini's  later  view,  explains  by  the  sudden  arte- 
rial output  of  blood  from,  and  the  gradual  venous  flow  of  blood  into, 
the  thorax.  Besides  these  main  movements,  Landois  noticed  on  his 
tracings  little  secondary  notches  and  peaks  which  he  attempted  to 
explain  by  certain  subsidiary  but  constant  causes.  The  rebound  of 
the  arterial  blood  causes  a  tiny  peak  on  the  expiratory  line.  Landois 
insists  that  each  inspiratory  movement  is  preceded  by  a  small  sharp 
expiratory  motion,  which  he  explains  by  an  assumption  that  I  shall 
not  discuss  here.  Mosso,^  on  the  other  hand,  who  accepts  the  views 
of  Ceradini  and  Landois  with  regard  to  the  chief  cause  of  these  move- 
ments, claims  that  no  short  respiratory  upstroke  precedes  the  inspira- 
tory movement,  and  that,  in  his  opinion,  the  beginning  of  this  latter 

*  Ceradini:  Heidelberger  Jahrbiicher  der  Literatur,  1869,  p.  912. 
^  Ibid :  Annali  universal!  di  medicina,  1870,  p. 587. 

^  This  instrument,  as  well  as  the  cardiopneumograph  of  Landois,  is  practically 
nothing  more  than  a  Marey's  tambour. 

*  Landois:  Graphische  Untersuchungen  iiber  den  Herzschlag.     Berlin,  1876. 

*  Mosso:  Die  Diagnostik  des  Pulses,  1879. 
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movement  is  caused  by  the  widening  of  the  chest  due  to  the  heart 
impulse. 

Finally,  Martins,  who  wrote  a  very  elaborate  article  on  the  "  car- 
diopneumatic movements  in  the  oesophagus,"  should  also  be  men- 
tioned, but  I  shall  not  discuss  his  article  here.  I  wish  only  to  say 
that  Martius,  in  his  very  elaborate  analysis  of  his  tracings,  also  adopts 
the  view  that  the  flow  of  blood  into  and  out  of  the  thorax  is  the  chief 
cause  of  the  cardiopneumatic  undulations. 

Thus,  the  authors  mentioned,  and  many  other  writers  ^  on  the 
cardiopneumatic  movements,  all  agree,  so  far  as  I  can  see,  that 
the  movements  are  expressions  of  the  variations  of  pressure  within 
the  air-tight  thoracic  cavity  caused  by  changes  either  in  the  volume 
of  the  heart  or  in  the  volume  of  the  blood  contained  in  the  thoracic 
cavity. 

A  recent  article  by  Haycraft  and  Edie^  opposes  this  view.  These 
authors  state  that  the  cardiopneumatic  movements  **  occur  equally  well 
with  the  chest  cavity  open  and  freely  communicating  with  the  outer 
air"  (p.  429).  It  is  obvious,  therefore,  they  say,  that  the  hypothesis 
of  Ceradini  and  Landois  can  hardly  be  accepted  as  explaining  the 
cardiopneumatic  movements.  They  offer  another  hypothesis  instead, 
namely,  that  the  movements  are  "  simply  due  to  the  heart  pressing 
against  the  lungs,  and  that  the  lungs  acted  like  an  oncometer  placed 
around  it"  (p.  430).  The  proof  for  this  hypothesis  they  see  in  the 
fact  that  the  cardiopneumatic  movements  almost  entirely  cease  on 
lifting  the  heart  away  from  the  lungs.  The  writers  are  so  thoroughly 
convinced  of  the  correctness  and  simplicity  of  their  position  that  they 
can  hardly  understand  why  it  was  overlooked  by  all  the  other  writers 
on  the  subject,  especially  by  Landois,  who  was  the  first  one  to  obtain 
tracings  of  these  movements.  **  It  is  a  pity  that  he  did  not  go  a  step 
or  two  further,"  they  say,  **  their  entire  explanation  must  have  dawned 
upon  him"  (p.  435). 

The  purpose  of  this  Paper  is  to  test  the  validity  of  the  views 
advanced  by  Haycraft  and  Edie.  Before  entering  into  a  further 
discussion,   I  wish,  however,   to    remark   that   identical   views   were 

^  Loven:  Nord.  med.  Ark.,  1870,  no.  19;  P.  Pert:  Lemons  sur  la  physio- 
logic compar^e  de  la  respiration,  Paris,  1870,  p.  388;  Von  Brunn  :  Berliner  kli- 
nische  Wochenschrift,  1872,  p.  130;  Regnard:  Revue  mensuelle  de  medicine  et 
de  chirurgie,  1877,  p.  333;  Lupine:  /^/V/.,  p.  394;  Fran^ois-Franck :  Travaux 
du  laboratoire  de  Marey,  1877,  p.  233. 

*  Haycraft  and  Edie  :  Journal  of  physiology,  1891,  xii,  p.  426. 
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advanced  by  Klemensiewicz  ^  about  fourteen  years  before  Haycraft 
and  Edie,  just  after  the  appearance  of  the  monograph  of  Landois.  The 
original  article  is  not  accessible  to  me,  but  there  is  a  short  report  of  it 
in  the  Jahresbericht  of  Hofmann  und  Schwalbe'^  which  I  will  quote 
here  in  part.  **  Klemensiewicz  reports  experiments  on  the  cardio- 
pneumatic  movements,  which  can  also  be  seen  in  the  frog.  He  rejects 
the  explanation  of  Landois  because  the  phenomenon  is  also  present 
when  the  thorax  is  open.  The  movements  are  due  rather  to  the  inti- 
mate relation  between  the  heart  and  the  lungs,  the  latter,  like  a  large 
Marey's  tambour,  registering  all  the  movements  and  vibrations  of  the 
heart."  We  see  here  the  same  hypothesis  as  that  of  Haycraft  and 
Edie,  and  also  the  same  argument  for  rejection  of  the  hypothesis  of 
Landois  and  others.  In  discussing  the  new  hypothesis  and  the  argu- 
ments against  the  older  one,  I  shall  use  the  statements  of  Haycraft 
and  Edie,  as  I  do  not  know  the  experiments  upon  which  Klemensie- 
wicz has  based  his  opinion. 

According  to  Haycraft  and  Edie,  the  cardiopneumatic  curve  repre- 
sents the  variations  in  the  pressure  exerted  by  the  heart  upon  the 
lungs.  As  the  heart  slowly  changes  its  size  during  diastole,  it  presses 
upon  the  lungs  and  causes  the  gradual  (expiratory)  upstroke.  In 
the  beginning  of  the  systole  the  heart  at  first  **  resents  "  its  distortion 
by  the  lungs,  —  it  **  asserts  *'  itself,  which  again  causes  a  small  but 
steep  upstroke ;  then  as  it  becomes  smaller  in  all  dimensions,  it 
recedes  from  the  lungs,  which  now  expand,  thus  causing  a  sharp 
downstroke,  —  an  inspiration.  In  a  certain  sense  the  theory  of  Hay- 
craft and  Edie  coincides  with  the  original  hypothesis  of  Voit  and 
Ceradini,  inasmuch  as  both  agree  that  the  movements  are  due  to  the 
change  of  pressure  caused  by  the  change  in  the  size  of  the  heart ;  but 
while  Voit  and  Ceradini  meant  the  pressure  exerted  upon  all  the  con- 
tents of  the  thoracic  cavity,  Haycraft  and  Edie  mean  only  the  direct 
pressure  upon  the  lungs. 

The  interpretation  of  these  authors,  however,  seems  to  me  to  be 
open  to  some  criticism.  We  can  understand  why  the  pressure  of  the 
heart  upon  the  lungs  during  diastole  should  produce  an  expiratory 
movement;   we  can  admit  the  possibility  that  the  *'  self-assertion  "  of 

1  Klemensiewicz,  R.  :  Beitrage  zur  Demonstration  des  Pulses  und  Herzstosses 
mittelst  der  manometrischen  Flamme,  nebst  Versuchen  iiber  die  sog.  cardiopneu- 
matischen  Bewegungen.  Mitteilungen  des  Vereins  der  Aerzte  im  Steiermark, 
1875-76. 

'^  Jahresbericht  iiber  die  Fortschritte  der  Anatomie  und  Physiologie,  1877,  p.  56. 
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the  heart  will  also  cause  a  slight  expiratory  puff;  but  we  cannot 
comprehend  why  the  recession  of  the  heart  during  systole  should  be 
followed  by  an  inspiratory  movement,  —  by  an  expansion  of  the  lungs. 
Even  in  a  state  of  collapse,  the  lungs  are  not  perfectly  atelectatic,  but 
contain  some  air,  and  their  elastic  tissues  are  still  stretched.  When, 
now,  air  is  driven  out  by  the  alleged  pressure  of  the  heart,  expanding 
in  diastole,  what  force  is  then  present  in  the  open  chest  that  could 
distend  the  lungs  anew  against  their  own  elastic  tension,  after  they 
are  released  from  the  heart's  pressure?  In  the  tracings  obtained 
from  the  lungs  while  the  thorax  is  open,  the  apparent  expansion  of 
the  lungs  after  the  alleged  diastolic  pressure  of  the  heart  upon  them 
has  been  withdrawn  may  be  due  to  the  elastic  reaction  of  the  rubber 
cover  of  Marey*s  tambour,  which  strives  to  return  to  its  position  of 
equilibrium  after  being  stretched  by  the  preceding  expiration  caused 
by  the  hypothetical  pressure  of  the  heart  in  diastole.  But  in  the 
normal  individual,  in  whom  the  elastic  lungs  are  always  considerably 
stretched,  what  could  cause  the  lungs  to  expand  again  during  systole 
against  the  strong  pull  of  their  elastic  fibres ;  especially  in  such  ex- 
periments as  Landois  and  Ceradini  made,  in  which  the  cardiopneu- 
matic movements  were  demonstrated  by  the  gas-flame  and  by  smoke 
in  a  manometer?  Smoke  is  lighter  even  than  air,  but,  neverthe- 
less, an  inspiratory  movement  is  seen  in  the  smoke-column  during 
each  systole.  What  force  except  the  negative  pressure  could  compel 
the  lung  to  follow  the  receding  heart? 

Again,  Haycraft  and  Edie  explain  the  entire  cardiopneumatic 
curve  also  by  the  pressure  of  the  heart  upon  the  lungs,  and  do 
not  permit  the  change  in  the  pressure  within  the  thorax  to  exert 
any  influence  upon  it.  But  it  is,  nevertheless,  an  indisputable  fact 
that  during  each  cardiac  cycle  there  is  a  considerable  variation  in 
the  volume  of  blood  present  in  the  thorax.  Now,  why  should  this 
change  of  volume  not  cause  a  change  of  pressure  in  the  normal, 
air-tight  thorax,  and  why  should  this  change  of  pressure  not  cause 
an  expiration  and  inspiration,  and  leave  a  marked  impression  upon 
the  cardiopneumatic  curve?  In  this  connection,  it  may  be  observed 
that  Haycraft  and  Edie  were  not  very  fortunate  in  comparing 
the  effect  of  the  heart  upon  the  lungs  with  the  working  of  an 
oncometer.  Here,  too,  the  contractions  of  the  organ  enclosed 
within  the  oncometer  are  transmitted  only  by  the  changes  in  the 
negative  pressure  which  they  cause  in  the  air-tight  capsule  of  the 
instrument. 


122  S.  /.  Meltzer. 

Furthermore,  Haycraft  and  Edie  in  support  of  their  statement  that 
the  open  thorax  has  no  influence  upon  the  cardiopneumatic  move- 
ments have  published  two  figures,  each  containing  two  tracings,  — 
one  taken  before  and  the  other  after  the  opening  of  the  thorax.  In 
both  figures,  however,  the  tracings  taken  when  the  thorax  was  open 
differ  distinctly  from  those  taken  from  the  normal  animal.  I  repro- 
duce here  one  of  these  figures. 

1     irvvnvvvvvrrvvmYVvvYYYY^^ 
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Fig.  I.  (Fig.  4  in  Haycraft  and  Edie's  article  ;  Journal  of  Physiologjy,  1891,  xii,  p.  431). 
"Tracing  (i)  was  taken  from  a  rabbit  with  its  chest  cavity  in  normal  condition ;  tracing 
(2)  after  making  a  free  opening  into  the  cavity." 

In  order  to  gain  a  personal  insight  into  this  problem  I  have  re- 
peated the  experiments  of  Haycraft  and  Edie.  These  authors  do  not 
tell  us  directly  from  what  animals  they  derived  their  results.  There 
is  a  remark  in  their  article  that  they  have  experimented  with  the 
lungs  of  rabbits  and  sheep,  but  this  has  reference  to  another  kind  of 
experiments.  It  is  said,  however,  that  the  tracings  which  they  pre- 
sent were  obtained  from  rabbits.  I  have  therefore  first  experimented 
on  rabbits.  The  method  was  in  general  the  same  as  that  employed 
by  the  authors  mentioned  and  by  Landois.  The  animals  were  given 
chloral  and  then  curare,  and  were  kept  alive  by  artificial  respiration. 
The  tracheal  cannula  was  connected  with  a  Y  tube,  each  limb  being 
provided  with  a  stop-cock.  One  limb  was  connected  with  the  appa- 
ratus for  artificial  respiration,  and  the  other  with  a  Marey's  tambour 
registering  on  a  revolving  cylinder.  When  the  stop-cock  leading  to 
the  apparatus  for  artificial  respiration  was  closed  and  that  leading  to 
the  Marey*s  tambour  opened,  the  cardiopneumatic  movements  soon 
appeared.  After  taking  a  few  tracings  from  the  normal  animal,  the 
chest  was  opened  and  tracings  were  again  taken.  I  repeated  these 
experiments  on  eight  rabbits,  from  every  one  of  which  I  uniformly 
obtained  the  following  result :  when  both  pleural  cavities  were  freely 
opened  there  was  no  cardiopneumatic  oscillation  on  the  tracing  from 
the  trachea. 
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Fig.  2  shows  a  part  of  the  tracings  taken  just  before  and  after  the 
opening  of  the  thorax.  The  tracing  taken  soon  after  both  sides  of 
the  thorax  were  opened  is  simply  a  straight  line,  drawn  from  a  lower 
level  on  account  of  the  collapsed  condition  of  the  lungs. 


Fig,  3.  The  upper  tracing  U  a  cardiopneumogran)  from  the  trachea  of  a  rabbit.  On  the 
left  of  the  arrow  aie  ihe  cardiopneumograma  taken  while  the  chest  was  intact.  After 
opening  both  pleural  cavities  all  movements  dbappeared,  and  the  umbout  registered 
the  straight  line  to  the  right  of  the  arrow. 

My  results  then  were  in  direct  contradiction  to  those  described  by 
Haycraft  and  Edie.  I  soon  discovered,  however,  that  there  was  a 
difference  between  the  method  of  opening  the  thorax  employed  by 
Haycraft  and  Edie  and  that  employed  by  myself.  I  usually  opened 
each  pleural  cavity  separately  on  their  respective  sides  of  the  sternum. 
In  one  experiment  in  which  I  removed  a  part  of  the  sternum  some 
slight  undulations  could  indeed  be  noticed  on  the  tracing  obtained 
from  the  trachea  immediately  after  opening  the  chest  (see  Fig.  3). 

Haycraft  and  Edie  opened  the  abdominal  cavity  and  cut  away  the 
anterior  attachments  of  the  diaphragm  along  with  the  anterior  chest 
wall  in  its  lower  part     Of  this  method,  which  Haycraft  calls  the  best, 


he  himself  speaks  as  follows:  "As  soon  as  this  is  done,  the  heart 
will  fall  down  in  its  natural  bed  formed  posteriorly  by  the  lungs  and 
will  be  carried  up  and  down  by  them  with  the  movements  of  respira- 
tion; it  will  be  loosened  from  its  more  solid  moorings  to  the  chest 
wall  and  will  be  seen  floating  as  it  were  upon  the  lungs.  It  is  in  this 
position  that  physiologists  from  Harvey's  time  onwards  have  chiefly 
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studied  its  movements,  making,  I  think,  too  little  allowance  for  the 
fact  that  the  organ  is  in  an  entirely  unnatural  condition  in  respect  to 
its  attachment."  ^  I  think  that  Haycraft  is  correct  in  this,  but  that  he 
and  Edie  themselves  make  too  little  allowance  for  the  fact  that  in  their 
experiments  the  heart  was  in  an  entirely  unnatural  condition  with  re- 
spect to  its  attachments.  I  have  repeated  their  experiment  also  on  a 
number  of  dogs,  and  have  convinced  myself  more  than  once  that  when 
the  pleural  cavities  are  opened  without  disturbing  the  natural  rela- 
tions of  the  heart  to  the  front  wall  and  diaphragm,  the  cardiopneu- 
matic  movements  disappear  either  entirely  or  are  hardly  perceptible. 
When,  however,  as  in  Fig.  3,  the  attachments  to  the  sternum  and  the 
diaphragm  are  removed  and  the  heart  allowed  to  fall  back  upon  the 
lungs,  some  distinct  movements  appear  again. 

The  experiment  illustrated  by  Fig.  4  shows  us  (i)  that  the  opening 
of  the  thorax,  without  disturbing  the  natural  attachments  of  the 
heart,  nearly  destroys  the  movements  (see  tracings  Nos.  2  and  4) ; 
(2)  that  the  closure  of  the  opening  in  the  chest,  though  surely  not 
absolutely  air-tight,  brings  the  movements  out  again  to  a  certain 
degree  (tracings  Nos.  3  and  6)  ;  (3)  that  the  removal  of  the  normal 
attachments  of  the  heart  causes  the  heart  to  fall  back  upon  the  lungs 
and  brings  out  movements  that  seem  to  be  different  in  size  and 
character  from  those  which  occur  when  the  chest  is  air-tight  and 
intact  (tracing  No.  5). 

There  is  still  another  point  which  deserves  special  comment.  If 
the  communication  between  the  trachea  and  the  Marey's  tambour 
were  established  immediately  after  the  artificial  respiration  is  dis- 
continued, the  rubber  cover  of  the  tambour  would  be  exposed  to  an 
abnormally  high  pressure  by  the  air  escaping  from  the  inflated  lungs. 
To  avoid  this  I  have  regularly  permitted  the  thorough  escape  of 
the  air  from  the  lungs  before  a  tracing  was  taken.  To  attain  this  I 
placed  a  T-tube  between  the  stop-cock  on  the  limb  leading  to  the 
apparatus  for  artificial  respiration  and  the  tracheal  cannula ;  this  tube 
had  a  stop-cock  on  its  vertical  limb  which  was  kept  slightly  open 
during  the  artificial  respiration,  and  which  I  might  call  **  the  relief  stop- 
cock." Before  taking  a  tracing  the  following  order  was  observed. 
First  the  relief  stop-cock  was  opened  fully,  then  the  stop-cock  of  the 
artificial  respiration  was  closed  and  that  leading  to  the  tambour  was 
opened ;  and,  finally,  after  the  lever  of  the  tambour  reached  its  nor- 

*  Haycraft,  J.  B. :  The  movements  of  the  heart  within  the  chest-cavity  and 
the  cardiogram.     Journal  of  physiology,  1891,  xii,  p.  447. 
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mal  position  again,  the  relief  stop-cock  was  closed  and  a  tracing  taken. 
With  these  precautions  the  tambour  was  under  an  equal  atmospheric 
pressure  inside  and  outside  while  registering  the  movements.  If  the 
relief  stop-cock  was  closed  before  all  the  surplus  air  had  escaped, 
the  lungs  did  not  thoroughly  collapse  and  the  tambour  registered 
some  movements,  although  the  thorax  was  open  and  the  attachments 
of  the  heart  thoroughly  removed ;    the   movements  disappeared   as 


Fio.  4.  (i)  Shows  the  cardiopneumatlc  movements  in  a  small  di^  with  chest  unopened. 
(z)  Taken  after  the  left  pleural  cavity  was  opened,  the  undulations  becoming  vciy 
small.  (3)  The  continuation  o(  tracing  z;  closing  the  opening  with  a  towel  caused  (he 
movements  (o  increase  again.  (4)  Taken  after  both  pleural  cavities  nere  opened ; 
there  i$  only  a  trace  of  the  movements  to  be  noticed.  (3)  Taken  under  the  same 
conditions,  but  after  the  attachments  of  the  heart  to  the  front  wall  and  the  diaphragm 
had  been  thoroughly  removed.  The  movements  are  again  considerably  increased,  but 
they  differ  in  character  from  the  normal  pneumocardiograma  of  the  same  dog,  and 
resemble  tracing  2  in  Kig.  I  (from  Haycraft  and  Edie.  see  above).  (6)  Taken  under 
the  conditions  of  tracing  5,  but  both  openings  were  closed  with  towels.  The  size  and 
espedally  the  character  is  changed.    (7)  The  towels  were  removed  and  the  tracings 

soon  as  the  air  was  permitted  to  escape  thoroughly.  These  move- 
ments were  quite  large  at  times,  especially  when  the  attachments  of 
the  heart  were  thoroughly  removed.  The  tracing  in  Fig.  5  illustrates 
this  case. 
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While  this  tracing  was  being  taken,  both  pleural  cavities  of  the 
dog  were  wide  open  and  the  attachments  of  the  heart  removed,  but 
the  lungs  were  still  considerably  inflated  and  the  heart  was  buried 
between  them.  The  artificial  respiration  was  interrupted  for  a  long 
period;  the  dyspnoea  caused  a  slowing  of  the  beats  of  the  heart, 
which,  becoming  quite  large  during  each  diastole,  pressed  the  lungs 
to  the  sides  of  the  thorax,  and  hereby  caused  large  but  not  charac- 
teristic cardiopneumograms.  Haycraft  and  Edie,  it  should  be  re- 
marked, do  not  tell  us  what  precautions  they  have  taken  to  avoid 


Fig.  5.    Cardiopneumatic  curve  taken  from  a  large  dog.     Dyspnoea  ;  thorax  wide  open  ; 
attachments  of  heart  thoroughly  removed,  but  lung  still  quite  inflated. 

this  artificial  condition  of  affairs.  We  read  there :  "  On  stopping 
the  respiration,  opening  the  communication  with  the  tambour,  and 
clamping  the  tube  passing  to  the  bellows,  the  cardiopneumatic  move- 
ments were  well  seen"  (p.  430).  I  know  by  experience  that  even 
with  an  opening  widely  communicating  with  the  air,  it  takes  some 
time  for  an  artificially  ventilated  lung  to  reach  the  limit  of  collapse. 
Haycraft  and  Edie  do  not  tell  us  explicitly  that  they  have  taken  the 
necessary  precautions ;  perhaps  the  lungs  of  their  animals  still  con- 
tained surplus  air  when  the  tracings  were  taken,  giving  them  artificial 
cardiograms  not  to  be  obtained  under  normal  conditions. 

My  experiments  justify  the  following  conclusions :  — 

(i)  The  cardiopneumatic  movements  disappear  when  both  pleural 
cavities  are  open,  provided  the  heart  retains  its  normal  attachments 
and  the  lungs  are  thoroughly  collapsed  before  the  tracings  from  the 
trachea  are  taken ; 

(2)  The  results  of  Haycraft  and  Edie  might  have  been  caused  by 
their  method  of  opening  the  thorax,  which  permits  the  falling  back 
of  the  heart  upon  the  lungs,  and  also  might  have  been  influenced  by 
an  incomplete  collapse  of  the  lungs ; 

(3)  Without  the  assistance  of  the  elasticity  of  the  rubber  cover  of 
the  tambour,  the  lungs  in  the  open  chest  cannot  follow  the  receding 
heart  in  the  systole  and  no  inspiratory  movement  can  occur ; 
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(4)  The  hypothesis  offered  by  Haycraft  and  Edie  that  the  lungs 
act  like  an  **  oncometer "  placed  around  the  heart  cannot  be  ac- 
cepted as  an  explanation  of  the  normal  cardiopneumatic  movements. 

For  these  reasons  I  agree  with  the  majority  of  the  writers  that  the 
cardiopneumatic  movements  have  their  origin  in  variations  of  the 
intrathoracic  pressure  caused  by  certain  changes  in  the  circulation. 


THE  FUNCTIONS  OF  THE  EAR  AND  THE  LATERAL 

LINE   IN   FISHES.^ 
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[From  the  Physiological  Laboratory  of  Columbia  University^  at  the  College  of  Physicians  and 

Surgeons^  New  Vorh.] 

ALL,  vertebrate  morphologists  are  well  aware  that  two  of  the  prom- 
inent vexed  problems  of  their  science  are  the  history,  onto- 
genetic and  phylogenetic,  of  the  ear  and  that  of  the  system  of 
sense-organs  usually  called  the  sense-organs  of  the  lateral  line,  a 
structure  found  in  Fishes  and  aquatic  Amphibia,  larval  or  adult. 
Into  the  differences  of  opinion  and  confusion  in  this  field  of  research 
Beard,^  in  1884,  introduced  a  semblance  of  order,  and  at  the  same  time 
gave  cause  for  much  further  contention,  by  bringing  the  two  organs, 
or  systems  of  organs,  together  phylogenetically,  and  claiming  the  ear 
to  be  nothing  more  nor  less  than  a  modified  portion  of  the  system  of 
the  lateral  line.  Since  then  much  has  been  written  upon  this  phase 
of  the  subject,  the  chief  single, contribution,  perhaps,  being  that  of 
Professor  Ayers,^  who  adopted  and  developed  very  fully  the  general 
idea  suggested  by  Beard. 

The  chief  morphological  facts  upon  which  this  view  is  based,  are, 
in  brief,  the  following :  — 

1.  Similarity  in  ontogeny,  —  The  ear  and  the  lateral  line  seem 
to  develop  from  a  common  ectodermal  thickening,  which  extends 
forward  and  backward  from  the  place  of  origin. 

2.  Similarity  in  structure  of  adult  organs,  —  It  is  now  generally 
acknowledged  by  morphologists  that  the  internal  ear  is  not  one 
organ,  but  a  group  or  system  of  organs,  comprising  in  the  fully 
developed  ear  of  the  fish  seven  recognizable  patches  of  sensory  epithe- 

^  The  substance  of  this  article  was  presented  before  the  Section  in  Physiology 
of  the  British  Association  for  the  Advancement  of  Science  at  its  meeting  in 
Toronto,  August  19,  1897. 

^  Beard,  J. :  On  the  segmental  sense-organs  of  the  lateral  line,  and  on  the  mor- 
phology of  the  vertebrate  auditory  organ.     Zool.  Anzeiger,  1884,  vii,  p.  140. 

'  Ayers,  H.  :  Vertebrate  cephalogenesis.  II.  A  contribution  to  the  morphol- 
ogy of  the  vertebrate  ear,  with  a  reconsideration  of  its  functions.  Journal  of 
morphology,  1892,  vi,  p.   i. 
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Hum :  the  three  cristae  acusticae,  contained  in  the  walls  of  the  ampullae 
of  the  semicircular  canals;  the  three  maculae  acusticae,  contained  in 
the  recessus  utriculi,  sacculus,  and  lagena;  and  the  rudimentary 
macula  neglecta,  contained  usually  in  the  utriculus.  The  structure 
of  these  is  well  known ;  in  each  there  is  a  localized  area  of  sensory 
epithelium,  supplied  by  special  nerve-fibres  and  consisting  of  hair- 
and  supporting-cells.  The  processes  of  the  hair-cells  project  into  a 
liquid,  the  endolymph.  In  addition  to  these  parts,  common  to  both 
cristae  and  macular,  each  macula  bears  a  mass  of  otoliths,  resting 
upon  the  sensory  hairs.  The  labyrinthine  cavity  of  the  internal  ear 
in  the  Selachians  is  more  or  less  freely  open  to  the  outside  medium 
through  the  ductus  endolymphaticus. 

The  sense-organs  of  the  lateral  line  are  numerous,  and  are  cither 
free  or  contained  in  canals  lying  in  the  skin  of  the  head  and  the  sides 
of  the  body.  These  canals  arc  open  at  intervals  directly  to  the  water 
of  the  medium,  as  are  the  semicircular  canals  through  the  endolym- 
phatic duct.  From  their  position,  different  portions  of  the  lateral 
system  have  received  the  names  supraorbital,  infraorbital,  mandibular, 
occipital,  and  lateral.  The  structure  of  the  sense-organs  closely  re- 
sembles that  of  the  cristae  acusticae :  in  each  there  is  a  localized  area 
of  sensory  epithelium,  supplied  by  special  nerve-fibres  and  consisting 
of  hair-  and  supporting-cells;  the  processes  of  the  hair-cells  project 
into  a  liquid  which,  when  canals  are  absent,  is  the  water  of  the  medium, 
and,  when  canals  are  present,  is  this  water  plus  more  or  less  mucus 
excreted  by  the  cells  lining  the  walls  of  the  canals. 

3.  Similarity  in  innervation,  — The  sense-organs  of  the  lateral  line 
are  innervated  by  nerve-fibres  forming  well-marked  bundles,  which 
run  to  the  periphery  usually  in  company  with  branches  of  the  fifth, 
seventh,  ninth,  and  tenth  cranial  nerves.  To  speak  of  them  as  being 
innervated  by  these  cranial  nerves  is  misleading ;  the  connection  of 
their  nerves  with  the  cranial   nerves  is  secondary.      In   reality,  the 

nerves  of  the  lateral  line  form  a  definite  system  of  their  own  with  a  , 

If 

common  central  origin,  which  central  origin  is.  likewise,  the  central 
origin  of  the  eighth  or  acoustic  nerve. 

It  must  be  acknowledged  that  these  facts  are  of  great  importance, 
and  seem  to  warrant  the  interpretation  given  to  them. 

Can  physiology  throw  any  light  upon  this  question?  A  study  of 
function  is  not  usually  believed  to  be  capable  of  elucidating  the 
genetic  relationship  of  organs,  and  hence  most  writers  have  wholly 
neglected  the  physiological  side.    It  might  have  been  advantageous  if 
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more  had  done  this,  for  the  physiology  that  has  thus  far  been  intro- 
duced is  largely  speculative,  usually  lacks  an  experimental  basis,  and 
is  at  times  grotesque.  What  is  needed  here,  as  in  all  similar  cases,  is 
not  speculation  from  morphological  facts  as  to  function  and  the  origin 
of  function,  but  reasoning  from  physiological  facts  that  are  first 
acquired  by  rigid  and  critical  experiment.  We  have  here  an  admi- 
rable opportunity  to  demonstrate  not  only  that  the  phylogeny  of  func- 
tion is  worthy  of  study  for  its  own  sake,  but  that  physiology  is  at  times 
able  to  present,  if  not  direct,  at  least  valuable  circumstantial  evidence 
of  the  truth  of  morphological  deductions.  The  evidence  that  I  wish 
to  bring  forward  has  been  obtained,  unless  otherwise  stated,  by  myself 
from  experiments  upon  fishes  at  the  Marine  Biological  Laboratory, 
Woods  Holl,  Mass.,  during  recent  summers.  The  form  chiefly  used 
was  the  common  smooth  dog-fish  (Galeus  canis,  Mitchill)  of  our 
Atlantic  coast. 

Some  of  the  results  have  already  been  published,  but  must  be 
mentioned  briefly  in  this  connection  for  the  sake  of  rendering  the 
subsequent  work  more  easily  understood.  No  attempt  wall  be  made 
to  discuss  the  experiments  of  others  upon  higher  animals,  as  this  for 
my  present  purposes  would  be  quite  superfluous.  The  work  is  not 
yet  completed. 

We  will  consider  the  functions  of  the  various  sense-organs  in 
order. 

I.  The  Ear. 

A.  The  cristaB  acuBticaB.  —  The  experiments  here  have  been  clear- 
cut,  and  the  results  have  appeared  with  a  mathematical  exactness 
rarely  realized  in  physiological  investigation. 

One  general  function  is  here  present,  namely,  the  appreciation  of 
rotary  movements  of  the  body,  /.  r.,  movements  \  in  curved  lines. 
Hence,  the  semicircular  canals  with  their  sense-organs  are  organs  of 
equilibration. 

The  methods  of  arriving  at  this  conclusion  w^ere  three :  turning  the 
normal  fish  in  the  planes  of  the  canals  and  other  planes;  stimulating 
separately  and  in  combination  the  various  ampullar  branches  of  the 
acoustic  nerve,  w^hich  in  the  fish  are  separate  and  very  easily  reached  ; 
and  cutting  these  ampullar  branches.  The  index  to  the  state  of  the 
animal's  sense  of  equilibrium  was  found  in  the  compensating  move- 
ments of  the  eyes  and  the  fins.  The  results  obtained  by  these 
three  methods  are  entirely  harmonious.     Thus,  turning  the  normal 
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animal  in  a  definite  plane,  either  the  plane  of  a  canal  or  a  plane  be- 
tween two  canals,  causes  the  eyes  and  fins  to  make  certain  definite 
and  constant  movements,  which  indicate  a  recognition  of  the  body- 
movement  and  an  attempt  to  resist  or  overcome  it.  If,  now,  the  canals 
of  the  corresponding  planes  be  exposed  in  another  animal,  and  their 
cristae  stimulated  artificially,  exactly  the  same  compensating  move- 
ments of  eyes  and  fins  are  made.  The  inferences  are:  first,  that  the 
operated  fish  has  the  sensation  of  being  turned  out  of  his  normal 
position;  and  second,  that  when  a  normal  fish  turns  in  the  pl^es 
specified,  he  stimulates  the  corresponding  cristae.  This  latter  infer- 
ence is  corroborated  by  cutting  the  nerves  supplying  the  cristae  in 
question,  and  then  turning  the  animal  in  the  same  planes  as  before. 
This  has  not  been  done  for  single  cristae,  and  it  is  quite  possible  that 
in  such  case  the  others  would  maintain  the  compensation ;  but  it 
has  been  performed  for  a  functional  pair  of  cristae,  and  the  result  is 
absence  of  the  normal  compensating  movements  pertaining  to  the 
canals  in  question.  The  harmony  of  the  results  of  these  three 
methods  is  striking. 

Each  canal  with  its  sense-organ  has  a  principal  and  a  subordinate 
function :  the  former  is  the  appreciation  of  rotary  body-movements 
in  the  plane  of  the  canal  and  toward  its  side  of  the  body ;  the  latter 
is  the  appreciation  of  similar  movements  in  the  same  plane  but  in  the 
opposite  direction.  Each  canal  has  a  functional  opposite,  the  two 
lying  approximately  in  the  same  plane,  and  the  principal  function  of 
one  being  the  subordinate  function  of  the  other.  Such  functional 
opposites  are  the  right  anterior  and  the  left  posterior,  the  left  anterior 
and  the  right  posterior,  and  the  right  and  left  horizontal  canals.  A 
simple  movement  of  the  body  in  the  plane  of  a  canal  puts  the  canal 
into  most  complete  action ;  a  movement  in  any  other  plane  may  be 
regarded  (from  the  standpoint  of  the  canals)  as  a  compound  move- 
ment, and  may  be  resolved  into  simple  movements  in  the  planes  of 
two  or  more  canals.  Such  compound  movements  are  appreciated  by 
the  two  or  more  canals  acting  as  a  double  organ  (functional  pair), 
or  triple  organ,  which  likewise  possesses  its  principal  and  subordinate 
functions.  The  action  of  a  functional  pair,  or  double  organ,  is  exem- 
plified in  the  appreciation  of  diving  movements  by  the  two  anterior 
canals,  and  in  the  appreciation  of  the  movement  of  shooting  upward 
in  the  water  by  the  two  posterior  canals.^ 

^  For  a  fuller  discussion  of  the  functions  of  the  canals  the  reader  is  referred 
to  my  articles  already  published.     Ueber  den  Gleichgewichtssinn.     Centralbl.  f. 


132  Frederic  S.  Lee, 

B.  The  macolaB  acusticaB.  —  Here  not  so  much  work  has  been  done, 
and  the  results  are  not  as  sharp-cut  as  in  the  case  of  the  cristae. 
Artificial  stimulation  of  the  maculae  has  been  tried  in  a  large  number 
of  cases,  but  does  not  appear  to  give  consistent  results.  Cutting  the 
macular  nerves  or,  perhaps  better,  removing  the  otoliths  that  always 
cover  the  macular,  makes  a  decided  general  change  in  the  conduct  of 
the  animal,  which  to  one  familiar  with  the  movements  of  fishes  seems 
to  indicate  unmistakably  the  lack  of  certain  sensory  functions.  It 
should  be  premised  that,  in  the  form  studied  chiefly,  the  utricular  and 
saccular  maculae  are  very  closely  contiguous,  and  the  macula  of  the 
lagena  is  simply  a  small  continuation  of  that  of  the  saccule ;  hence, 
so  far,  it  has  been  impossible  to  separate  the  three  functionally,  and  it 
is  very  questionable  whether  the  division  of  labor  here  is  as  sharp-cut 
as  with  the  cristae. 

Two  functions  seem  to  be  present,  both  of  which  are  equilibrating: 
the  appreciation  of  translatory  or  progressive  movements,  or  move- 
ments in  straight  lines,  and  the  appreciation  of  the  position  of  the 
body  in  space. 

I.  Appreciation  of  progressive  movements}  —  A  normal  fish  has  a 
delicate  sense  of  the  distance  involved  in  swimming  in  a  straight  line. 
This  is  shown  by  the  remarkable  skill  with  which  he  avoids  obstacles ; 
in  swimming  around  his  aquarium  constantly,  he  strikes  his  nose 
directly  against  the  side  of  the  tank  comparatively  rarely.  This  is 
not  so  with  a  fish  deprived  of  all  his  otoliths  or  with  all  his  macular 
nerves  severed.  Such  a  fish  seems  to  have  little  idea  of  the  extent 
of  a  forward  swim.  He  is  often  restless  and  frequently  alters  the 
direction  of  his  progression.  In  moving  along  close  to  the  side  of 
a  large  oblong  tank  he  often  swims  at  his  usual  rate  and  with  his 
usual  freedom,  and  appears  fairly  normal;  but,  upon  reaching  the 
end,  it  frequently  happens  that  he  does  not  turn,  like  the  normal 
fish,  gracefully  to  one  side  and  thus  avoid  the  end-wall.  On  the 
contrary,  he  often  bumps  directly  into  it.  When  excited  by  a  stick, 
he  darts  about  in  different  directions,  irregularly  and  with  awkward, 

Physiol.,  1892,  vi,  p.  508.     A  study  of  the  sense  of  equilibrium  in  fishes.     Part  I. 
The  Journal  of  physiology,  1893,  xv,  p.  311  ;  and  Part  II,  ibid.^  1894,  xvii,  p.  192. 

^  A  full  account  of  my  observations  upon  this  function  and  upon  the  subject  of 
hearing  in  Fishes  has  not  been  published.  My  observations  were  communicated 
to  The  American  Physiological  Society,  1894,  Dec.  28;  a  brief  abstract  of  that 
Paper  was  printed  in  "Science,"  1895,  Feb.  i,  N.  S.  i,  p.  118,  and  a  still  briefer 
one  in  the  Centralblatt  fiir  Physiologie,  1895,  April  6,  ix,  p.  47. 
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uncertain,  and  ill-regulated  movements,  often  shooting  far  out  of 
the  water.  Moreover,  after  swimming  into  a  comer,  his  move- 
ments are  awkward  and  he  finds  great  difficulty  in  retreating  or 
getting  back  into  open  water.  If  he  succeeds  in  doing  this,  he 
may  return  at  once  to  the  same  corner  and  repeat  his  ungainly 
attempts  at  extricating  himself.  It  is  easy  to  draw  a  hasty  inference 
that  the  eyesight  of  such  a  fish  must  in  some  mysterious  way  be  at 
fault.  As  a  matter  of  fact,  however,  a  fish  deprived  of  his  eyesight, 
but  in  other  respects  normal,  does  not  conduct  himself  in  that  way. 
When  left  to  himself,  the  blinded  fish  *  swims  normally  in  all  respects, 
moving  gracefully,  easily,  and  without  timidity,  and  shooting  and  div- 
ing like  an  uninjured  fish.  When  disturbed  by  being  poked  he  darts 
about  with  great  rapidit)',  but  is  master  of  his  movements.  In  the 
first  few  hours  of  his  blindness  he  bumps  the  end  of  the  tank  in  pro- 
gressive swimming,  but  soon  he  largely  overcomes  this,  and,  probably 
by  his  sense  of  touch,  learns  to  avoid  gross  contact  with  such  ob- 
stacles. He  then  touches  the  walls  lightly,  glides  away  from  them 
easily,  and  only  when  disturbed  bumps  as  at  first  When  by  chance 
he  swims  into  a  corner,  he  extricates  himself  easily,  gracefully,  and 
with  certainty.  The  compensating  movements  of  his  eyes  and  fins 
are  entirely  normal. 

It  is  thus  seen  that  the  fish  deprived  of  retinal  sensations  and  the 
fish  deprived  of  macular  sensations  act  very  differently.  The  con- 
clusion that  in  the  latter  animal  the  appreciation  of  progressive  move- 
ments is  dulled  or  largely  eliminated  seems  quite  sufficient  to  explain 
the  phenomena. 

We  thus  find  experimental  proof — and  the  first  thus  far  reported 
in  animals  lower  than  man,  if  I  am  not  mistaken  —  of  the  presence 
in  the  otolithic  parts  of  the  ear  of  a  power  to  appreciate  progressive 
movements.  That  such  a  function  must  exist  there  was  ably  advo- 
cated by  Breuer.^  who  gave  reasons  for  the  probability  **  that  the 
perception  of  rectilinear  movements  is  sharper  in  Fishes  and  Birds 
than  we  find  it  in  observations  on  ourselves." 

2.  Appreciation  of  position  in  space.  —  The  fact  that  a  normal  fish 
has  a  delicate  sense  of  his  position  in  space,  of  upness  and  downness, 
is  demonstrated  by  the  difficulty  experienced  in  inducing  one  to  rest 

^  In  blinding,  the  contents  of  the  eyeballs,  including  the  retinas,  were  removed  : 
the  sclerotic  coats  with  their  muscular  attachments  were  left  ///  situ. 

*  Breuer.  J. :  Ueber  die  Function  der  Otolithen-Apparate.  Arch.  f.  d.  ges. 
Physiol.,  1890,  xlviii,  p.  195. 
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in  any  other  position  than  that  with  the  back  upward  and  the  belly 
downward.  He  not  only  resists  with  all  his  powers  being  turned 
over  (this  movement  is  appreciated  by  the  semicircular  canals),  but 
with  equal  energy  he  resists  being  compelled  to  remain  out  of  his 
customary  position ;  and,  when  put  out  of  the  latter  and  then  left  to 
himself,  he  at  once  assumes  his  normal  attitude. 

It  is  not  so  with  a  fish  from  which  the  otoliths  have  been  removed, 
or  in  which  the  macular  nerves  have  been  cut.  If  either  of  these 
operations  be  done  upon  one  side  only,  the  eyes  and  fins  are  placed 
in  abnormal  positions;  in  reclining,  the  operated  side  is  usually 
slightly  downward ;  normal  swimming  is  possible,  but  here  usually 
the  operated  side  is  depressed ;  when  disturbed,  the  fish  usually  darts 
off  with  that  side  downward ;  and  in  coming  to  rest  he  often  loses  his 
balance  and  sinks  down  flat  upon  that  side,  never  upon  the  other. 
If  the  operation  be  performed  on  both  sides,  the  fish  seems  to  have 
largely  lost  his  sense  of  upness  and  downness.  While  preferring 
usually  the  normal  attitude,  it  is  not  difficult  to  make  him  remain 
lying  on  his  back  or  side;  and  not  rarely  he  is  found  in  such  abnor- 
mal positions,  having  assumed  them  himself.  He  swims  at  times 
upon  his  side,  and  occasionally  upon  his  back.  He  seems  not  to 
appreciate  at  all  clearly  his  position  in  space.^ 

I  have  found  no  reason  to  disbelieve  that  the  same  otolithic  parts 
of  the  ear  appreciate  both  progressive  movements  and  position  in 
space,  which  is  not  in  accordance  with  the  doctrine  of  specific  energy 
in  its  extreme  form.  The  view  of  Breuer,^  however,  seems  wholly 
reasonable,  namely,  that  changes  in  the  pressure  of  the  otoliths  are 
appreciated  as  changes  of  position  in  space  when  they  are  accom- 
panied by  sensations  (ampullar)  of  rotary  movements,  and  as  pro- 
gressive movements  when  not  so  accompanied. 

It  is  evident  that  there  is  a  close  functional  connection,  through  the 
central  nervous  system,  between  the  sensory  organs  of  the  ear,  the 
cristae  and  maculae,  and  the  locomotor  organs  of  the  body.  A  reflex 
arc  with  the  evident  function  of  equilibration  is  thus  established.  The 
idea  that  the  cristae  and  maculae  are  sensory  organs  of  this  function 
does  not  preclude  acceptance  of  the  well-established  fact  that  other 

1  For  a  fuller  discussion  of  this  statical  function  of  the  macula?,  the  reader  is 
referred  to  the  author's  articles  in  the  Centralblatt  fiir  Physiologie,  1892,  vi,  p.  508, 
and  the  Journal  of  physiology,  1893,  xv,  p.  311. 

2  Breuer,  loc.  cii. 
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sensory  organs,  such  as  the  eyes,  are  similarly  connected  by^  reflex 
arcs  with  the  locomotor  organs,  and  similarly  functionate  as  sensory 
organs  of  equilibration.  In  these  latter  organs  equilibration  is  ac- 
cessory to  other  chief  functions,  as  in  the  eyes  to  sight ;  in  the  cristas 
and  maculae  it  is  the  chief,  and  perhaps  the  only,  function. 

The  functions  of  the  ear  of  the  fish  so  far  considered  may  be  put  in 
convenient  tabular  form  as  follows :  — 

I.  Rotary  movements,  mediated  by 

.    .  cristae  acusticae. 

J  I.   Dynamical  functions,  in  recognition  of  \   j.  Translatory  movements,  mediated 

I  \  by  maculae  acusticae. 

'.  ,  .,,..  ..         i-TS*  Position  in  space,  mediated  by 

j  II.    Statical  functions,  m  recognition  of     |  ^^^^,^  ^^^^^.^^ 

As  to  the  manner  of  stimulation,  it  is  evident  that  both  the  cristae  // 
and  the  maculae  belong  to  the  category  of  pressure-organs.  This  is 
most  evident  in  the  maculae,  in  which  the  pressure  of  the  otolithic 
mass  upon  the  delicate  sensory  hairs  affords  a  constant  stimulus  which 
varies  in  intensity  with  the  position  of  the  animal  in  space,  or  with 
the  force  of  the  progressive  movement. 

In  the  cristae,  the  most  reasonable  mode  of  stimulation  appears  to 
me  to  be  that  due  to  the  inertia  of  the  endolymph  as  the  hair-cells 
are  moved  through  space  along  with  the  body.  The  result  is  a 
greater  pressure  upon  one  side  of  the  hairs  than  upon  the  other,  and 
hence  a  stimulation  of  the  sensory  cells  by  pressure.^ 

1  In  a  recent  article  E.  v.  Cyon  (Bogengange  und  Raumsinn.  Experimentelle 
und  kritische  Untersuchung.  Archiv  fiir  Physiologie,  1897,  p.  29)  appears  in 
the  light  of  a  sceptic  regarding  the  results  obtained  in  my  experiments  on  dog- 
fishes, apparently  because  of  their  exactness  and  completeness.  Among  other 
things  he  reproaches  me  with  the  fact  that  "  Lee  hat  .  .  .  immer  alles  bestatigt 
gefunden,  was  die  Hypothese  erheischt."  This  fact  will  occasion  no  surprise, 
when  it  is  borne  in  mind  that  the  great  majority  of  my  results  were  obtained 
long  before  the  "  hypothesis  "  as  formulated  by  myself  was  made  (cf.  Lee  :  Journ. 
of  physiol.,  1893,  XV,  p.  321),  and  long  before  I  was  acquainted  with  the  work 
of  Breuer.  The  theory  as  formulated  in  my  chief  Paper  was  a  direct  induction 
from  the  facts  obtained  by  myself;  I  took  pains  to  keep  it  within  the  limits  of 
those  facts,  and  thus  it  was  that  I  "  always  found  what  the  hypothesis  demanded." 
In  a  subsequent  Paper  (Lee:  ibid.^  1894,  xvii,  p.  192)  I  aimed  "to  fill  in  certain 
gaps  that  were  left  in  the  previous  series,  to  make  the  proof  of  certain  points 
more  logically  complete,  and  experimentally  to  verify  certain  inferences  and 
prophecies  resulting  from  the  theory  formerly  stated."  As  regards  the  exactness 
of  my  results,  I  have  often  felt  and  expressed  surprise  similar  to  that  which  Cyon 
apparently  feels.     Yet  I  have  endeavored  accurately  to  chronicle  the  phenomena 
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C.  The  question  of  hearing.  — We  thus  appear  to  have  found  a  func- 
tion for  all  of  the  sensory  organs  of  the  ear  of  the  fish.  But  the  ques- 
tion naturally  arises  —  does  not  the  fish  possess  audition?  In  higher 
vertebrates,  of  course,  this  is  present,  and  we  can  add  to  the  above 
scheme : 

III.   Auditory  functions,  in  recogniton  of  j^-  Vibratory  motions  mediated  by  pa- 

C  pilla  acustica  basilaris. 

This  exhausts  all  possible  cases  of  mechanical  (/.  e,  visible)  motions 
in  matter.  It  is  interesting  that  the  ear  is  the  sense-organ  that  appre- 
ciates all  kinds  of  visible  motion. 

Wherever  among  vertebrates  undoubted  audition  exists,  there  is 
present  an  additional  group  of  sensory  end-organs,  the  papilla  acus- 
tica basilaris.  This  does  not  exist  in  Fishes,  but  appears  first  in  the 
Amphibia  as  an  offshoot  from  the  lagcna,  and  in  higher  vertebrates 
constitutes  the  nervous  portion  of  the  organ  of  Corti  of  the  cochlea. 

actually  observed  under  the  circumstances  of  the  many  and  widely  varied  experi- 
ments. 

Cyon  further  seems  to  regard  the  integrity  of  the  sense  of  sight  as  necessary 
to  the  performance  of  the  compensating  movements  of  the  eyes,  and  makes  the 
astonishing  statement  that  "...  der  Dogfish  (Galea  canis)  tagesblind  ist,  wie 
Beer  unzweifelhaft  bewiesen  hat."  On  the  contrary,  Beer  (Die  Accommodation 
desFischauges.  Arch.  f.  d.  ges.  Physiol.,  1894,  Iviii,  p.  577)  has  neither  stated 
nor  attempted  to  prove  such  a  thing.  He  says :  "  Wir  haben  einigen  Grund 
anzunehmen,  dass  die  Pupille  der  in  Freiheit  lebenden  Fische  wegen  der  relativen 
Dunkelheit  grosserer  Tiefen  noch  etwas  weiter  sein  wird,  als  bei  den  Thieren 
in  den  gewohnlichen  Versuchsbassins,  die  in  einer  fur  sie  vielleicht  blendenden 
Helle  leben.  Bei  vielen  Haifischen  und  Rochen  tritt  sogar  in  den  dunkleren 
grossen  Aquarien  der  Station  tagsuber  eine  so  starke  Miosis  ein,  dass  die  Pupille 
—  die  Nachts,  resp.  im  Dunkeln  sehr  vveit  ist  und  dann  auch  hier  den  Linsenrand 
sehen  lasst  —  fast  gar  nicht  sichtbar,  sondern  .  .  .  verschlossen  wird  ;  die  Thiere 
bench  men  sich  auch  wie  blind,"  etc.  As  a  matter  of  fact,  under  the  circumstances 
of  my  experiments,  the  pupils  of  Galeus  canis  varied  greatly  in  size,  from  being 
wide  open  to  being  partially  closed.  But  I  do  not  now  recall  a  single  instance 
of  their  being  wholly  closed,  nor  have  I  ever  seen  an  uninjured  individual  of  this 
species  behaving  during  the  daytime  like  a  blind  fish.  In  an  experience  of  three 
summers  this  species  has  not  exhibited  himself  as  "blind  in  daylight."  This 
question  is,  however,  of  minor  importance,  since,  as  stated  above,  the  eyeballs 
from  which  the  contents,  including  the  retinas,  are  removed,  perform  the  normal 
compensating  movements.  Cyon  appears  not  to  comprehend  the  fact  accented 
above,  namely,  that  the  movements  of  the  eyes  are  reflex  movements,  the  afferent 
stimulus  to  which  comes  from  the  cristae  acusticae.  This  does  not  preclude  the 
further  undoubted  fact  that  under  normal  circumstances  the  movements  are  accom- 
panied by  sensations  of  sight. 
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At  first  sight  the  presence  of  the  **  ear "  in  Fishes  presupposes  a 
sense  of  hearing;  but  the  absence  of  the  papilla  acustica  basilaris 
argues  against  it.  The  fact  that  fishes,  with  comparatively  few  excep- 
tions, are  dumb  seems  to  me  strong  evidence  against  the  possession 
by  them  of  a  sense  of  audition.  It  would  seem  that  the  primary 
purpose  of  the  power  of  emitting  sound  by  an  organism  is  com- 
municatioH  with  other  individuals  of  its  own  species.  Similarly,  the 
primary  purpose  of  a  sense  of  hearing  is  apparently  the  gaining  of 
information  regarding  the  presence  of  other  individuals  of  one's  own 
species.  In  each  case  the  employment  of  the  function  for  other 
purposes  would  be  secondary.  If  this  be  so,  we  should  expect 
the  two  powers  of  emitting  sound  and  of  hearing  sound  to  be 
developed  in  the  same  individuals  and  developed  more  or  less 
pari  passu.  A  survey  of  the  various  groups  of  animals  shows  this 
to  be  the  case.  Further,  it  is  difficult  to  conceive  upon  any  grounds 
the  object  or  usefulness  of  the  possession  by  Fishes  of  the  power 
to  hear  in  the  sense  in  which  the  term  is  ordinarily  used.  The 
depths  of  the  sea  are  silent,  the  sounds  of  the  waves  probably 
penetrate  only  the  most  superficial  layers  of  the  water,  and  aquatic 
animals,  with  comparatively  few  exceptions,  are  dumb.  Along  the 
shores  some  outside  sounds  might  penetrate  the  water  superficially, 
but  such  would  form  only  a  very  slight  exception  to  the  general  law 
that  in  nature  water,  unlike  air,  is  devoid  of  sound. 

But  experimentation  can  best  answer  the  question  as  to  the  power 
of  audition  in  Fishes. 

In  the  summer  of  1894  I  tested  a  number  of  species  as  to  their 
power  of  hearing,  employing  ordinary  sounds,  such  as  the  human 
voice,  clapping  the  hands,  and  striking  stones  together  in  the  air  and 
under  water.^  I  obtained  no  evidence  whatever  of  the  existence  of  a 
sense  of  hearing  as  the  term  is  customarily  employed,  although  I 
learned  that  fishes  are  exceedingly  sensitive  to  gross  shocks,  such 
as  the  jarring  of  their  tank  or  concussions  upon  its  walls,  /.  e„  such 
vibrations  as  human  beings  recognize  through  other  sensory  mechan- 
isms than  the  ear  as  distinct  mechanical  vibrations.  The  accompani- 
ment of  such  apparently  gross  vibrations  was  the  indispensable 
condition  upon  which  the  fishes  in  my  experiments  reacted  to  sounds. 
I  have  learned  recently  of  Bateson's  similar  experiments  ^  which  were 

*  See  footnote  p.  132. 

*  Bateson,  W.  :  The  sense-organs  and  perceptions  of  fishes.  Journal  of  the 
marine  biological  association,  1890,  i,  p.  225. 
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interpreted  in  much  the  same  way.  In  1895  KreidP  published  the 
results  of  a  considerable  series  of  experiments  carefully  conducted 
upon  goldfish.  He  used  as  sources  of  sound  in  the  air  various 
whistles,  electric  and  other  bells,  clapping  of  the  hands,  and  the  firing 
of  a  revolver,  and  in  the  water  vibrating  rods ;  and  he  studied  their 
effects  upon  normal  fishes,  those  whose  excitability  was  greatly  in- 
creased by  strychnine,  and  those  that  had  been  deprived  of  their  ears. 
Neither  normal  nor  strychnized  fishes  showed  any  reaction  whatever 
to  musical  sounds  of  any  pitch  or  intensity,  produced  in  the  air  or 
water.  Concussions,  such  as  striking  the  walls  of  the  aquarium  in  the 
case  of  normal  animals,  or  clapping  the  hands  or  firing  a  revolver  in 
the  case  of  strychnized  animals,  produced  marked  reactions,  espe- 
cially in  the  latter;  but  such  reactions  were  equally  well-marked  after 
both  ears  were  removed,  and  still  remained  after  the  removal  of  the 
whole  cerebrum  and  a  portion  of  the  mid-brain.  His  experiments 
leave  no  doubt  of  the  correctness  of  his  conclusions,  which  were : 
"  ( I )  That  hearing  through  the  *  auditory  organ  '  cannot  be  demon- 
strated in  the  goldfish;  (2)  nev^ertheless,  they  react  to  sound  waves, 
which  they  perceive  through  a  specially  developed  skin-sense." 

In  a  subsequent  paper  Kreidl^  explodes  the  oft-repeated  tale  of 
hearing  by  fishes  that  come  for  their  food  at  the  sound  of  a  bell, 
by  investigating  carefully  the  actions  of  trout  at  the  famous  old 
Benedictine  monastery  in  Krems,  Austria.  He  proved  that  the  fishes 
come  because  they  see  the  man  who  brings  the  food,  and  appreciate 
the  vibrations  of  the  water  caused  by  his  step  and  communicated 
through  the  stone  basin;  and  that,  when  these  are  excluded,  the 
sounds  of  the  bell  have  no  effect. 

The  conclusion  seems  justified  beyond  doubt  that  fishes  do  not 
possess  the  power  of  hearing,  in  the  sense  in  which  the  term  is 
ordinarily  used. 

We  must  believe  that  in  vertebrates  this  sense  was  evolved  along 
with  a  change  of  the  mode  of  life  from  a  water  to  a  land  existence, 
and  was  contemporaneous  with  the  appearance  of  a  papilla  acustica 
basilaris. 

It  appears  plain  that  the  sole  function  of  the  ear  in  Fishes  is 
equilibration. 

^  Kreidl,  a.  :  Ueber  die  Schallperception  der  Fische.  Arch.  f.  d.  ges.  Physiol., 
1895,  Ixi,  p.  450. 

^  Kreidl,  A. :  Ein  weiterer  Versuch  iiber  das  angebliche  Horen  eines  Glock- 
enzeichens  durch  die  Fische.     Arch.  f.  d.  ges.  Physiol.,  1896,  Ixiii,  p.  581. 
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The  mechanism  by  which  Fishes  appreciate  certain  mechanical 
vibrations  and  which  Kreidl  proved  not  to  reside  in  the  ear,  is  no 
more  understood  in  them  than  it  is  in  other  animals  and  in  human 
beings.  This  power  is  wide-spread  in  animals,  even  in  many  Inver- 
tebrates in  which  there  is  an  absence  of  the  power  of  hearing,  c,  g,^  in 
earthworms,  and  it  is  astonishingly  developed  in  some  human  beings. 
My  friend,  Professor  Hallock,  tells  me  that  Helen  Keller,  who,  it  is 
well  known,  is  totally  deaf  and  devoid  of  other  special  senses  except 
that  of  touch,  is  able,  by  keeping  her  fingers  in  contact  with  the 
larynx  of  a  person  who  is  singing,  to  appreciate  accurately  the 
changes  in  pitch ;  she  can  thus  accurately  reproduce  with  her  own 
voice  the  notes  sung  by  her  companion.  There  is  no  question  here  of 
the  absence  of  the  sense  of  hearing,  yet  the  vibrations  are  appreciated. 
As  regards  these  two  sense-activities,  the  case  of  the  normal  fish  is 
without  doubt  analogous  to  the  case  of  such  defective  human  beings. 

II.  The  Lateral  Line. 

The  original  view  of  the  function  of  the  lateral  line  was  that  its 
canal  produced  mucus  for  moistening  the  surface  of  the  body  of  the 
fish.  When  in  1850  Leydig^  discovered  the  numerous  sense-organs 
in  it  and  later  ascribed  to  them  the  mediation  of  a  sixth  sense,  the 
original  view  was  laid  aside  for  others  of  a  sensory  function.  Upon 
little  experimental  evidence  it  has  been  suggested  that  the  organs 
are  true  touch-organs,  are  auditory  organs,  that  they  appreciate 
currents  in  the  surrounding  water,  the  chemical  nature  of  the  water, 
and  so  on.  There  has  been  no  consensus  of  opinion  as  to  their 
exact  function  or  mode  of  action. 

During  the  summers  of  1892,  1893,  ^"d  1894, 1  carried  on  at  dif- 
ferent times  experiments  of  various  kinds  upon  the  lateral-line  system 
(not  including  the  ampullae  of  Lorenzini  or  Savi*s  vesicles).  I  stud- 
ied several  species  of  fishes,  especially  the  dog-fish  (Galeus  canis, 
Mitchill),  the  toad-fish  (Batrachus  tau,  L.),  and  the  butter-fish  (Stro- 
mateus  triacanthus.  Peck),  and  obtained  certain  suggestive  results. 
The  main  points  will  be  communicated  here. 

In  the  dog-fish  the  lateral-line  organs  of  the  head  are  supplied 
by  the  superficial  ophthalmic,  the  buccal,  and  the  hyomandibular 
branches  of  the  seventh  nerve ;  those  of  the  body  by  the  so-called 
lateral  branch  of  the  -vagus.     In  this  species  I  have  cut  all  of  these 

*  Leydig,  F.  :  Ueber  die  Schleimkanale  der  Knochenlfische.  Miiller's  Arch., 
1850,  p.  170. 
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branches,  and,  moreover,  have  stimulated  the  central  end  of  the 
lateral  branch.  In  the  toad-fish,  where  the  organs  are  normally 
exposed  and  not  enclosed  in  canals,  I  have  destroyed  by  thermo- 
cautery all  of  the  organs  upon  one  and  upon  both  sides  of  the  body. 
In  general,  it  may  be  stated  that  the  results  indicate  that  the  organs 
of  the  lateral  line  have  a  sensory  function,  closely  connected  with  the 
motor  organs  and  analogous  to  the  functions  of  the  ear,  and  hence 
may  be  regarded  as  organs  of  equilibrium. 

Simple  cutting  of  the  lateral  nerve  on  one  side  or  even  both  sides, 
cutting  of  all  the  nerves  supplying  the  lateral-line  organs  of  both  head 
and  body,  or  destruction  of  all  the  organs  themselves,  does  not  seem 
to  interfere  much,  if  any,  with  the  animal's  equilibrium.  I  have 
observed  at  times  an  abnormally  slow  return  to  the  normal  position 
after  an  animal  so  operated  upon  has  been  turned  upon  his  back,  but 
whether  this  was  due  to  dulling  of  a  sense  of  equilibrium  or  to  gen- 
eral weakness,  I  am  unable  to  say.  All  these  experiments  were  per- 
formed more  than  five  years  ago,  however,  and  before  experience  had 
taught  me  to  observe  and  interpret  interferences  with  equilibrium, 
hence  I  would  not  now  be  willing  to  make  a  categorical  statement 
regarding  the  effects  of  operations  of  this  kind.  The  animals  so 
operated  upon  are  always  much  less  active  than  before ;  they  swim 
little,  lie  quiet,  and  rarely  survive  more  than  a  day  or  two  at  most. 

An  extension  of  such  operations  has  given  more  decided  results. 
It  occurred  to  me  that  a  reduction  of  the  motor  mechanism  employed 
in  maintaining  equilibrium  might  be  an  indirect  aid  in  demonstrating 
a  possible  equilibrium  function  in  the  lateral-line  organs.  In  the  toad- 
fish,  which  spends  much  of  its  time  lying  upon  the  bottom  of  the  sea, 
especially  in  holes  under  stones,  the  pectoral  fins  are  enormously 
developed  and  seem  to  act  as  mechanical  supports.  Removal  of 
these  fins  does  not,  however,  of  itself  cause  marked  inconvenience  in 
the  maintenance  of  statical  equilibrium  or  the  performance  of  move- 
ments; the  subsequent  removal  of  the  two  smaller  ventral  fins  is 
followed  by  no  apparent  genuine  lack  of  the  power  to  appreciate 
equilibrium  and  only  a  comparatively  slight  handicapping  of  the 
power  of  movement.  It  is  remarkable  how  closely  the  actions  of 
a  fish  deprived  of  these  four  fins  resemble  those  of  a  normal  fish ; 
he  is  lively,  vicious,  quick  in  responding  to  mechanical  stimuli,  and 
certain  in  his  movements ;  he  guides  himself  accurately,  turns  about 
suddenly,  and  moves  forward  without  lateral  swaying  of  his  body. 
But  removal  of  the  four  fins  combined  with  destruction  of  all  the 
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organs  of  the  lateral  line  (except  the  supraorbital  ones,  which  are 
few  in  number  and  lie  too  deep  for  ready  operation),  produces  a 
marked  effect.  This  has  been  performed  in  several  individuals.  No 
genuine  forced  movements  seem  to  follow,  but  there  are  decided 
evidences  of  a  lack  of  the  sense  of  equilibrium.  This  is  manifested 
in  various  ways.  There  is  decided  uncertainty  in  movement,  the 
animal  swaying  from  side  to  side  in  forward  progression.  Such  a 
fish  is  easily  turned  upon  his  side  or  back  and  lies  quiet  in  this  posi- 
tion. In  one  case,  some  two  hours  after  the  operation,  the  toad-fish 
was  turned  upon  his  back  upon  the  bottom  of  his  aquarium  and  re- 
mained thus  for  fifteen  minutes,  apparently  without  discomfort,  and 
without  attempting  to  return  to  the  customary  position.  He  was 
then  returned  to  the  latter  by  the  hand.  Such  a  fish  swims  irregu- 
larly upon  his  back  or  his  side,  with  a  general  preference  for  the  nor- 
mal attitude.  In  one  case  in  which  the  lateral  organs  of  one  side 
only  were  destroyed,  and  the  pectoral  and  pelvic  fins  were  removed, 
the  power  of  maintaining  equilibrium  was  found  to  be  markedly 
weakened.  When  tested  five  hours  after  the  operation,  and  presum- 
ably after  the  direct  shock  of  it  had  passed  away,  the  fish  lay  on  his 
back  when  placed  there ;  in  swimming  upward  he  thrust  his  head  far 
out  of  water  in  much  the  same  way  as  a  fish  deprived  of  his  otolithic 
organs;  and  he  showed  the  lateral  swaying  movements  and  uncer- 
tainty in  forward  progression,  mentioned  above.  On  the  next  day  he 
exhibited  the  same  phenomena.  All  the  actions  of  a  fish  so  operated 
upon  remind  one  much  of  a  lobster  that  has  lost  his  otolithic  sacs  and 
chelae.^  The  phenomena  indicate  strongly  that  the  organs  of  the 
lateral  line  have  something  to  do  with  equilibrium.  In  this  connec- 
tion it  is  of  interest  to  know  that  Bonnier^  has  recently  found  that 
fishes  whose  lateral  organs  have  been  destroyed  by  galvano-cautery 
have  largely  lost  the  capacity  of  correct  orientation  in  presence  of 
disturbances  in  water. 

It  might  be  objected  that  the  severity  of  the  operation  of  cauteriz- 
ing so  many  spots  in  the  skin  and  removing  the  four  fins  might  of 
itself  be  the  cause  of  the  disturbances  of  equilibrium  above  described. 
I  have  anticipated  and  nullified  the  possible  force  of  such  an  objec- 
tion by  cauterizing  an  equal  number  of  spots  upon  the  skin  of  a  nor- 

*  Bunting,  M.  :  Ueber  die  Bedcutung  der  Otolithenorgane  fiir  die  geotropischen 
Function  von  Astacus  fluviatilis.     Arch.  f.  d.  ges.  Physiol.,  1893,  liv,  p.  531. 

*  Bonnier,  P. :  Sur  le  sens  lateral.  Comptes  rendus  de  la  soc.  de  biol.,  Paris, 
1896,  p.  917. 
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mal  fish,  carefully  avoiding  the  lateral  line,  and  then  removing  the 
four  fins.  Such  an  animal  does  not  behave  differently  from  one  lack- 
ing the  fins  and  not  otherwise  injured ;  he  is  active  and  certain  in  his 
movements,  shows  no  lack  of  equilibrium,  and  in  general  closely 
resembles  a  normal  fish. 

But  perhaps  more  significant  than  the  above  experiments  on  elim- 
ination is  the  result  of  stimulating  the  central  end  of  the  lateral  nerve. 
In  the  dog-fish  I  have  cut  the  nerve  upon  one  side  and  stimulated 
it  by  an  induced  current  just  behind  the  head,  thus  including  the 
nervous  supply  of  all  the  organs  of  that  side  of  the  trunk.  The  result 
is  perfectly  coordinated,  definite  movements  of  the  fins  of  both  sides 
of  the  body.  These  fin-movements  are  the  same  as  those  called  out 
by  stimulating  centrally  the  cut  acoustic  of  the  opposite  side,  and  the 
same  as  those  resulting  from  section  of  the  acoustic  of  the  same  side. 
Thus,  stimulating  the  left  lateral  nerve  centrally  caused :  the  two 
dorsal  fins  to  move  to  the  right ;  the  caudal  fin  to  move  to  the  right ; 
the  left  pectoral  fin  to  move  upward ;  the  right  pectoral  fin  to  move 
downward ;  the  two  pelvic  fins  to  move  like  the  corresponding  pec- 
torals. This  is  exactly  the  result  of  stimulating  the  central*  stump  of 
the  right  acoustic,^  and  also  the  exact  result  of  cutting  the  left  acous- 
tic.2  In  the  case  of  the  acoustic  I  have  shown  that  the  result  of 
stimulation  is  only  what  would  be  expected  from  a  simultaneous  and 
equal  stimulation  of  the  three  ampullar  branches  of  the  acoustic. 
Since  these  branches  are  plainly  equilibrative  in  function,  it  would 
seem  to  suggest  strongly  that  the  lateral  nerve  is  also  equilibrative. 
Occasionally,  movements  of  the  fins  in  directions  opposite  to  those 
specified  above  take  place,  but  they  are  by  no  means  so  constant  or 
persistent,  and,  thus  far,  I  have  not  attempted  to  determine  the  con- 
ditions of  their  appearance.  In  this  connection  it  may  be  recalled 
that  moderate  or  strong  stimulation  of  the  ampullae  of  the  semicircu- 
lar canals  causes  movements  of  the  eyes  in  a  certain  direction  (princi- 
pal function),  and  slight  stimulation  causes  movements  in  exactly  the 
opposite  direction  (subordinate  function).^  Movements  of  the  trunk 
also  result  from  stimulation  of  the  lateral  nerve,  but  thus  far  I  have 
not  endeavored  to  analyze  them. 

This  is  the  extent  of  the  experimenting  that  I  have  performed 
upon  the  lateral  line,  but,  so  far  as  it  goes,  it  seems  very  suggestive. 
It  would  be  interesting  to  test  the  lateral  nerve  at  different  parts  of 
its  course,  and  observe  whether  movements  of  the  fins  of  different 

^  Lee  :  Journ.  of  physiol.,  1894,  xvii,  p.  192.  '^  /ditf,  1893,  xv,  p.  31 1. 
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segments  result  Further,  I  have  observed  no  eye-movements  from 
lateral  stimulation.  It  is  conceivable  that  eye-movements  may  be 
mediated  by  the  lateral-line  organs  of  the  head  only,  but  so  far  I 
have  not  tested  this  possibility  by  stimulating  the  branches  of  the 
seventh  nerve. 

Without  further  work,  which  is  already  projected,  it  is  impossible 
to  specify  in  detail  the  nature  of  this  possible  equilibrative  function 
of  the  sense-organs  of  the  lateral  line.  The  phenomena  suggest 
Schulze's  ^  idea  of  the  possibility  of  appreciation  of  mass-movements 
of  the  water  or  of  movements  of  the  body  through  the  water,  just  as 
the  movements  of  the  hairs  of  the  cristae  through  the  inert  en- 
dolymph  mediate  the  appreciation  of  rotary  movements  of  the  body. 
Such  a  function  seems  more  easily  understood  in  the  case  of  those 
fishes,  such  as  the  toad-fish,  in  which  the  sense-organs  project  freely 
to  the  outside,  than  in  those  in  which  the  organs  are  enclosed  within 
canals  that  open  to  the  outside  only  at  intervals.  Yet  in  all  species 
such  a  function  seems  to  me  a  priori  the  most  probable  of  all  that 
have  been  suggested.  The  appreciation  of  rotary  movements  and 
that  of  progressive  movements  can  hardly  be  separated  here.  It  is 
not  inconceivable  nor  improbable  that,  in  addition  to  this  function, 
contact  with  solid  objects,  such  as  the  sand  and  stones  at  the  bottom 
of  the  sea,  may  stimulate  the  organs  and  assist  crudely  in  giving  the 
fish  a  notion  of  his  position  in  space.  The  structure  of  the  organs 
suggests,  as  in  the  sense-organs  of  the  ear,  that  they  are  pressure- 
organs  of  some  kind.  In  this  connection  the  work  of  Fuchs  ^  is 
interesting.  This  investigator  has  shown  by  experiments  upon  Raja 
clavata  and  Raja  asterias  that  touching  the  skin  over  the  ventral 
canals  of  the  head  causes  in  most  cases  a  negative  variation  of  the 
current  of  rest  in  the  cut  nerves  supplying  these  canals.  He  in- 
fers, not  wholly  with  justification  it  seems  to  me,  that  the  canals 
mediate  the  appreciation  of  changes  of  hydrostatic  pressure. 

In  whatever  specific  way  future  experiments  may  prove  the  sense- 
organs  in  question  to  act,  it  is  at  least  clear  that  those  of  the  trunk 
are  connected  through  the  central  nervous  system  with  the  muscles  of 
the  fins,  and  that  a  reflex  arc  is  thus  present,  analogous  in  nature  to 
that  formed  by  the  same  motor  mechanism  with  the  acoustic  nerve. 

*  ScHULZE,  Y,  E. :  Ueber  die . Sinnesorgane  der  Seitenlinie  bei  Fischen  und 
Amphibien.     Arch.  f.  mikr.  Anat.,  1870,  vi,  p.  62. 

*  Fuchs,  S.  :  Ueber  der  unter  der  Haut  liegenden  Canalsysteme  bei  den 
Selachiern.     Arch.  f.  d.  ges.  Physiol.,  1895,  lix,  p.  454. 
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We  must  believe,  moreover,  that  the  impulses  of  whatever  kind  that 
come  to  the  central  nervous  system  from  the  organs  in  question  assist 
in  enabling  the  animal  to  maintain  the  equilibrium  of  his  body:  in 
other  words,  the./ organs  of  the  lateral  line  are  equilibrating  organs. 

• 

Hence,  a  consideration  of  the  physiology  0/  the  ear  and  the  sysr 
tem  of  the  lateral  line,  by  showing  that  the  two  systems  of  organs  are 
functionally  analogous  ^uld  seem  to  offer  indirect  support  to  the 
morphological  deduction  that  the  former  organ  is  a  derivative  of  the 
latter.  The  primitive  function,  not  improbably,  was  the  appreciation 
of  movements  of  the  water  against  the  body  and  movements  of  the 
body  in  the  water,  combined  with  appreciation  of  contact,  and,  hence, 
indirectly  and  crudely,  of  position  in  space ;  by  the  exercise  of  this 
function,  through  functional  connection  with  the  locomotor  mechan- 
ism, the  equilibrium  of  the  body  was  maintained.  In  some  unknown 
way  a  bit  of  this  sensory  system  became  cut  off  from  the  rest  and 
enclosed  within  the  skull ;  it  still  retained  its  power  of  appreciating 
bodily  movements  and  contact,  and  this  power  became  refined  and 
differentiated ;  the  capacity  of  appreciating  rotary  movements  was 
separated  from  that  dealing  with  progressive  movements  and  position 
in  space,  and  the  two  were  associated  with  distinct  organs,  the  semi- 
circular canals  on  the  one  hand,  and  the  otolithic  organs  on  the  other, 
which  were  appropriately  constructed  to  subserve  their  respective 
functions.  Thus  a  well-marked  sensory  organ  for  equilibrium  was 
evolved  in  fishes.  When  aquatic  animals  began  to  leave  the  water 
and  live  for  a  shorter  or  longer  time  upon  the  land,  and  the  possible 
advantage  of  a  sense  of  hearing  was  presented,  a  portion  of  this  sen- 
sory organ  of  movement  became  still  farther  differentiated ;  a  new 
patch  of  sensory  nerve-terminations  appeared,  the  papilla  acustica 
basilaris;  apparatus  for  conveying  the  waves  in  the  air  directly  to 
the  membranous  ear  was  developed ;  and  thus  the  power  of  appre- 
ciating the  movements  that  we  call  sound  was  acquired.  By  natural 
selection  this  was  still  more  refined  and  specialized,  the  range  of 
appreciation  was  extended,  and  the  result  is  the  mammalian  cochlea 
with  its  great  functional  powers. 

It  seems  to  me  that  this  explains  naturally  and  in  a  manner  not 
improbable  the  mysterious  association  in  one  organ  of  two  functions 
at  first  sight  so  widely  separated  as  equilibration  and  audition. 
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THE   INFLUENCE   OF  THE   HEART-BEAT   ON  THE 
FLOW  OF   BLOOD  THROUGH   THE  WALLS 

OF    THE    HEART.i 

By  W.  T.  porter. 
[From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School^ 

IN  1689  J.  Baptista  Scaramucci^  published  two  hypotheses  which 
have  played  a  great  part  in  the  history  of  the  physiology  of  the 
heart :  the  first,  that  the  deeper  coronary  vessels  are  squeezed  empty 
by  the  contraction  of  the  muscle  fibres  which  surround  them ;  and 
the  second,  that  the  coronary  vessels  are  refilled  from  the  aorta  dur- 
ing the  diastole  of  the  heart.  In  1707,  Stroem*  added  to  these  the 
hypothesis  that  the  coronary  vessels  are  filled  in  diastole  because 
their  mouths  are  closed  in  systole  by  the  semilunar  valves.  Thus, 
almost  at  the  outset,  the  penetrating  conception  of  Scaramucci  was 
linked  with  an  obstinate  and  overshadowing  error,  destined  to  be  a 
source  of  controversy  for  nearly  two  hundred    years.*    Thebesius, 

*  The  first  account  of  my  observations  on  the  compression  of  the  intramural 
vessels  by  the  systole  of  the  heart  was  published  in  the  Journal  of  the  Boston 
Society  of  Medical  Sciences,  No.  10,  March  30,  1897.  Most  of  the  facts  have 
been  presented  also  to  the  American  Physiolo;2;ical  Society,  in  Washington,  May  5, 
1897,  and  to  the  British  Association  for  the  Advancement  of  Science,  Toronto,  1897. 

*  Scaramucci  :  Diario  Parmense,  1689.  Quoted  by  Haller  :  Element,  physi- 
olog.,  1778,  lib.  iv,  s.  V,  p.  459. 

■  Stroem  :  Nova  theoria  machinse  animalis.     Quoted  by  Haller  :  loc.  cit. 

^  A  sufficient  account  of  the  literature  of  this  subject  has  already  been  given  by 
Ceradini,  G.  :  11  meccanismo  delle  valvole  semilunari  del  cuore.  Milan,  1871 ; 
Der  Mechanismus  der  halbmondformigen  Herzklappen.  Leipzig.  1872.  See  also 
Rebatel,  F.  :  Recherches  exp^rimentales  sur  la  circulation  dans  les  art6rcs 
coronaires.    Paris,  1872. 
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Vieussens,  Morgagni,  Boerhaave,  and  other  famous  eighteenth  cen- 
tury men  took  sides  for  and  against  the  theory  of  Stroem,  and  not 
until  the  century  had  passed,  and  many  observers  of  the  first 
rank  had  shown  that  the  mouths  of  the  coronary  arteries  are  often 
beyond  the  reach  of  the  semilunar  valves,  and  that  the  pulse  in  these 
vessels  is  synchronous  with  the  pulse  in  the  aorta,  did  opinion  come 
to  rest  on  the  filling  of  the  coronary  arteries  in  both  systole  and  dias- 
tole. The  calm  that  followed  was  brief  indeed.  About  1840,  Mar- 
shall Hall  attempted  to  revive  the  old  belief,  but  was  answered  by  the 
experiments  of  Kleefeld.  Five  years  after  Kleefeld,  the  controversy 
broke  out  afresh.  Briicke  on  the  one  side  and  Hyrtl  on  the  other, 
neither  knowing  that  he  was  repeating  arguments  and  observations 
that  already  filled  many  pages  of  cardiac  literature,  fought  over  the 
old  ground,  drew  many  with  them  ir  o  an  extended  and  often  un- 
profitable discussion, —  and  reached  *  old  conclusion.  Once  more 
physiological  opinion  settled  to  the  be.  ^f  that  the  coronary  arteries 
are  filled  during  systole  as  well  as  diastole,  —  a  position  since  ren- 
dered impregrnable  by  the  observations  of  Ceradini  and  the  experi- 
ments of  Rebatel  and  of  Martin  and  Sedgwick. 

Throughout  this  long  discussion,  the  primary  hypothesis  of  Scara- 
mucci,  namely,  that  the  deeper  coronary  vessels  are  emptied  by  the 
squeeze  of  the  fibres  contracting  around  them,  received  but  scant 
attention.  Thebesius,*  in  the  celebrated  inaugural  dissertation  in 
which  he  gave  the  first  accurate  description  of  the  cardiac  veins 
that  bear  his  name,  had  said  that  in  "  no  way  could  the  arterial 
blood  be  forced  into  the  vessels  of  the  heart,  unless  during  diastole ; 
because  in  systole,  the  contraction  of  the  fibres  is  so  intense  that  all 
blood  would  be  forced  out,  from  the  arteries  no  less  than  from  the 
veins,  —  a  condition  that  actually  can  be  observed  in  the  hearts  of 
amphibia  —  frogs  and  others  —  whih  appear  all  white  and  bloodless 
when  contracted,  but  are  red  and  swollen  with  blood  when  relaxed  in 
diastole ;  "  and  such  reasoning  was  accepted  by  many  who  forgot  that 
the  heart  of  the  frog  is  almost  wholly  wanting  in  bloodvessels,  and 
that  the  red  color  of  the  full  veu^ricle  is  due  to  the  blood  which 
fills  the  ventricle,  seen  through  its  translucent  walls. 

After  the  middle  of  the  present  century,  experiment  grew  bolder 
and  speculation  began  to  yield  place  to  direct  observation.  Hyrtl,^ 
in  1855,  trying  to  prove  that  the  coronary  arteries  were  filled  in  both 

1  Thebesius  :  De  circulo  sanguinis  in  corde.     Leiden,  1708,  p.  14. 

*  Hyrtl  :  Ueber  die  Selbststeuerung  des  Herzens.     Vienna,  1855,  p.  9. 
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systole  and  diastole,  severed  a  coronary  artery  in  the  living  rabbit,  cat, 
and  dog,  and  declared  positively  that  only  the  upper  segment  spurted 
in  systole,  —  a  statement  confirmed  by  Perls.^  In  1 876,  Klug  ^  drew 
a  ligature  about  the  rabbit's  heart  at  the  auriculo-ventricular  junction 
while  the  heart  was  in  full  systole,  and  again  while  in  diastole.  He 
then  coagulated  the  blood  in  the  cardiac  vessels  by  holding  the  organ 
some  time  in  dilute  sulphuric  acid,  and  compared  thin  sections  of  the 
ventricle  with  regard  to  the  amount  of  blood  in  their  walls.  The 
vessels  of  the  heart  ligated  during  diastole  were  filled  with  blood, 
while  those  of  the  heart  ligated  during  systole  contained  little  blood. 
But  neither  of  these  experiments  can  be  said  to  be  of  value  in  our 
present  inquiry :  for  the  observation  of  Hyrtl,  though  accurate  for 
his  purpose,  which  was  to  determine  which  limb  of  the  severed  artery 
**  spurted,"  is  otherwise  incorrtet ;  and  the  method  of  Klug  is  open 
to  objections  based  upon  facts  fiK«icovered  since  his  time. 

With  regard  to  Hyrtl's  work,  it  is  true  that  the  distal  segment  of  a 
severed  coronary  artery  does  not  "  spurt,"  but  it  is  also  true,  as  will 
be  shown  in  detail  in  the  description  of  the  writer's  experiments,  that 
blood  is  forced  out  of  the  distal  segment  with  each  contraction  of  the 
ventricle.  The  quantity  which  thus  escapes  is  extremely  small,  but 
this  is  because  the  amount  of  blood  contained  in  the  distal  segment 
of  a  severed  "  terminal "  artery  is  always  necessarily  small.  The 
anastomosis  with  neighboring  vessels  is  too  slight  to  permit  of  col- 
lateral circulation,  and  only  a  free  collateral  circulation  can  cause  the 
distal  end  of  a  severed  artery  to  bleed  profusely. 

Turning  to  Klug's  experiment,  let  us  consider  first  the  heart  ligated 
in  systole.  Klug  slowed  the  heart  in  order  to  be  sure  of  the  moment 
of  ligation.  The  reader  will  not  need  to  be  reminded  that  when  the 
beat  of  the  mammalian  heart  is  considerably  slowed  by  exhaustion,  or 
by  artificial  means,  as  in  Klug's  rjethod,  the  cavity  of  the  ventricle  is 
seldom,  if  ever,  fully  emptied.  The  observations  of  Pratt  ^  have 
shown  the  ease  with  which  the  veins  in  the  heart  wall  are  filled  from 
the  cavity  of  the  ventricle  through  the  vessels  of  Thebesius.  It  is 
clear  that  even  if  a  ligature  coula*t)e  drawn  tight  around  the  auriculo- 
ventricular  junction  in  the  precise  fraction  of  a  second  during  which 
the  mammalian  heart  remains  fully  contracted,  the  relaxation  of  the 

*  Perls,  M.  :  Archiv  fiir  pathologische  Anatomic,  1867,  xxxix,  p.  189. 

*  Klug,  F.  :  Centralblatt  fiir  die  medicinische  Wissenscliaften,  1876,  p.  134. 

■  Pratt,  F.  H.  :  The  nutrition  of  the  heart  through  the  vessels  of  Thebesius 
and  the  coronary  veins.     American  journal  of  physiology,  1898,  i,  p.  86. 
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ventricle  after  the  tying  of  the  ligature  would  fill  its  capillaries  from 
the  ventricular  cavity,  so  that  the  amount  of  blood  in  the  ventricular 
walls  when  the  heart  came  to  be  examined  would  in  no  wise  corre* 
spond  to  the  amount  present  in  the  walls  at  the  height  of  their  con- 
traction. If  the  heart  is  permitted  to  beat  at  its  usual  rapid  rate,  the 
ventricular  cavities  may  be  fully  emptied  at  each  stroke ;  but  the  time 
for  the  tying  of  the  ligature  is  then  so  short  that  it  is  obviously  impos- 
sible to  be  sure  whether  the  ligation  is  made  in  full  systole  or  a  little 
before  or  after  systole.  If  it  were  possible  to  be  sure  of  the  moment 
of  ligation,  and  to  make  certain  that  the  ventricular  cavities  were 
empty  at  that  moment,  and  that  the  ligature  shut  off  the  auricles 
entirely,  —  the  mural  capillaries  could  still  be  filled  when  the  heart 
relaxes  from  the  blood  in  the  large  superficial  coronary  vessels,  which 
are  not  within  the  grasp  of  the  contracting  fibres  and  cannot  be  com- 
pressed by  them.  In  the  heart  ligated  in  diastole,  it  cannot  be  deter- 
mined whether  the  blood  found  in  the  intramural  vessels  was  present 
there  at  the  moment  of  ligation,  or  entered  the  walls  afterward  through 
the  veins  of  Thebesius  or  the  superficial  coronary  vessels.  Finally,  the 
plunging  of  the  fresh  heart,  warm  from  the  body,  into  a  coagulating 
bath  of  sulphuric  acid,  may  so  change  the  tonus  of  the  ventricle  as  to 
alter  materially  the  amount  of  blood  in  its  capillaries.  These  sources 
of  error  render  the  observations  of  Klug  unavailable. 

It  is  RebateP  whom  we  must  thank  for  the  first  fruitful  experi- 
ment in  this  field.  Chauveau  had  given  him  the  circulation  in  the 
coronary  arteries  as  the  subject  of  his  inaugural  dissertation,  and  had 
suggested  that  a  T-tube  should  be  placed  in  the  right  coronary  artery 
of  the  horse  and  connected  with  an  haemodromograph,  which  should 
write  a  curve  of  the  quickness  of  flow  in  the  coronary  artery,  while  at 
the  same  time  a  curve  of  the  tension  in  the  aorta  should  be  recorded 
for  purposes  of  comparison.  Rebatel  secured  these  curves,  and  saw 
at  a  glance  that  the  beginnings  of  the  upstrokes  in  the  aortic  and  the 
coronary  curves  coincided  exactly,  showing  that  the  blood-wave  is 
synchronous  in  the  two  arteries,  and  that  the  coronary  arteries  are 
filled  during  systole.  He  saw  also  that  the  primary  increase  in  the 
rapidity  of  current  in  the  coronary  artery  was  followed  by  a  second 
augmentation  "corresponding  exactly  to  the  moment  when  the  aortic 
tension  is  least,  i,  e.,  to  the  diastole  of  the  heart.     The  first  augmen- 

*  Rebatel,  F.  :  Recherches  exp^rimentales  sur  la  circulation  dans  les  art6res 
coronaires.     Paris,  1872. 
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Rebatel  himself  does  not  accept  this  hypothesis  unreservedly.  His 
attitude  is  that  of  M.  Marey,^  who,  on  being  shown  the  curves,  admitted 
that  the  first  proposition,  namely,  the  filling  of  the  coronary  arteries 
in  systole,  is  incontestable,  while  the  second,  namely,  that  the  increase 
in  quickness  of  flow  is  due  to  the  opening  of  the  intramural  vessels  by 
the  relaxation  of  the  ventricle  is  only  "  very  probable  and  legitimately 
deduced."  An  analysis  of  Rebatel's  tracings  (Fig.  2)  suggests  that 
even  this  qualified  approval  was  incautious.  The  extraordinary  arti- 
ficial irregularities  in  these  curves  at  once  attract  attention.  The 
curves  are  defaced  by  huge  after-vibrations  and  inertia  errors.  The 
shock  of  the  primary  wave  drives  the  writing  levers  far  beyond 
the  real  maximum  of  the  upstrokes ;  there  is  then  a  sharp  rebound, 
which,  in  several  instances,  carries  the  writing  points  far  below  the 
correct  level  of  the  curve.  Evidently  the  lever  of  the  haemodromo- 
graph,  once  set  in  motion  by  the  sudden  and  violent  changes  in  pres- 
sure and  velocity  consequent  on  the  beat  of  the  heart,  has  continued 
to  swing.  Serious  as  these  faults  are,  they  are  by  no  means  the  chief 
reason  for  doubting  the  correctness  of  Rebatel's  reasoning.  Accord- 
ing to  him,  the  second  augmentation  is  caused  by  the  relaxation  of 
the  ventricle  opening  the  compressed  intramural  vessels.  But  this 
relaxation  occurs  in  the  first  half  of  the  cardiac  cycle,  as  shown  by 
the  position  of  the  dicrotic  notch  in  those  of  his  tension  curves  that 
are  written  clearly  enough  to  make  the  dicrotic  notch  visible.  Hence, 
the  maximum  of  the  second  augmentation,  according  to  the  hypothe- 
sis, should  occur  at  the  moment  when  the  compressed  vessels  are 
opened  by  the  swiftly  relaxing  ventricle,  and  not  shortly  before  the 
ventricle  contracts  again,  as  in  the  curves  before  us.  The  delay  can- 
not be  explained  by  the  sluggishness  of  the  recording  apparatus,  for 
Rebatel  assures  us  that  the  primary  waves  of  tension  and  quickness 
are  synchronous. 

The  form  of  the  wave  supposed  to  indicate  a  second  augmentation 
of  the  rate  of  flow  is  still  less  reconcilable  with  Rebatel's  hypothesis. 
The  alleged  increase  in  velocity  quickly  reaches  its  maximum,  and  is 
always  succeeded  by  a  rapid  fall,  greater  in  many  of  the  tracings  than 
the  rise  which  precedes  it.  In  the  absence  of  any  change  in  the  blood- 
pressure  either  in  the  aorta  or  in  the  coronary  arteries,  it  is  impos- 
sible to  understand  how  this  slowing  in  the  blood  stream  can  take 

*  M/  Marey,  que  nous  remercions  d'avoir  bien  voulu  examiner  nos  traces, 
admet,  ainsi  que  nous,  la  premiere  proposition  comme  incontestable,  et  la  seconde 
comme  tr^s-probable  et  I^gitimement  ddduite  (p.  31). 
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place.  If  a  reservoir  containing  water  kept  at  a  constant  level  and 
provided  with  an  elastic  outflow  tube  is  raised  130  cm.  above  the 
mouth  of  the  tube,  thus  giving  a  constant  pressure  like  that  of  the 
blood  in  the  coronary  arteries,  shown  to  be  constant  by  Rebatel's 
tension  curves,  and  the  mouth  of  the  tube  compressed,  as  the  tubes 
of  the  coronary  system  are  said  by  Rebatel  to  be  compressed,  and 
then  released,  while  the  water  flowing  out  during  two  brief  successive 
periods  is  measured,  —  it  will  be  found  that  the  outflow  per  unit  of 
time,  or  in  other  words  the  velocity,  is  even  a  little  greater  in  the 
second  period  than  in  the  first.  His  second  augmentation  should, 
therefore,  not  have  been  followed  by  a  marked  slowing  in  the  rate 
of  flow. 

Thus,  seeing  that  RebateFs  second  augmentation  of  velocity  is  not 
synchronous  in  his  own  curves  with  the  relaxation  said  to  be  its  cause, 
and  perceiving  that  the  form  of  the  curve  offered  by  him  in  evidence 
is  physically  improbable  under  the  conditions  premised  by  him,  we 
may  conclude  that  his  results  do  not  prove  his  assumption  that  the 
intramural  vessels  of  the  heart  are  compressed  in  systole. 

I  have  spoken  thus  fully  of  Rebatel's  work  both  because  of  its 
intrinsic  interest  and  because  his  are  the  only  recorded  experiments 
that  bear  directly  upon  the  problem  in  hand.  It  is  true  that  Martin 
and  Sedgwick,^  ten  years  after  Rebatel,  recorded  simultaneously  curves 
of  the  blood-pressure  in  the  carotid  artery  and  in  a  branch  of  the  left 
coronary  artery ;  but  their  tracings  were  taken  with  a  mercury  manom- 
eter, and  show  nothing  more  than  the  synchronism  in  the  primary 
pulse-wave,  finer  details  being  obscured  by  the  inertia  of  the  mercury. 

I. 

My  own  observations  upon  the  characters  of  the  coronary  pulse 
began  Sept.  16,  1895,  with  the  record  of  the  pressure-curve  in  the 
carotid  and  left  coronary  arteries  in  the  dog.  It  seemed  a  priori 
probable  that  variations  in  the  peripheral  resistance  in  the  coronary 
arteries  would  be  visible  in  the  pressure-curve,  provided  it  were 
written  with  a  sensitive  manometer. 

The  heart  of  a  dog  anaesthetized  with  ether  was  exposed,  the 
ramus  descendens  of  the  left  coronary  artery  ligated  about  two  centi- 
metres from  its  origin,  and  a  cannula  tied  into  the  central  end.     The 

*  Martin,  H.  N.,  and  VV.  T.  Sedgwick:  Journal  of  physiology,  1882,  iii. 
p.  165. 
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through  its  nutrient  artery  at  a  constant  pressure,  each  beat  can  be 
seen  to  force  the  blood  out  of  the  severed  vessels  in  the  margins  of 
the  fragment.  The  details  of  several  of  these  experiments  are  as 
follows :  — 

Experiment  March  2g,  iSgy.  A  dog  weighing  11  kilos,  anaesthetized 
with  morphia  and  ether,  was  bled  from  the  left  carotid  artery,  and  the  blood 
whipped,  filtered  through  glass  wool,  and  diluted  with  an  equal  volume  of 
0.8  per  cent  normal  saline  solution.  Normal  saline  of  the  same  strength  was 
meanwhile  allowed  to  flow  into  the  right  jugular  vein.  After  a  short  interval, 
the  dog  was  again  bled  from  the  carotid  artery.  A  second  injection  of  saline 
solution  was  followed  by  a  third  bleeding.  The  product  of  these  bleedings 
was  mixed,  and  placed  in  a  reservoir  at  the  temperature  of  the  body.  The 
heart  was  now  extirpated,  and  a  cannula  tied  into  the  ramus  descendens  of 
the  left  coronary  artery  not  far  from  the  apex  of  the  left  ventricle.  That 
part  of  the  apex  which  could  be  fed  through  the  cannula  was  then  excised. 
Both  apex  and  basal  portion  fibrillated.  The  septum  was  removed.  The 
piece  of  ventricle  secured  was  28  mm.  in  length  (/.  e,  the  direction  from  the 
base  to  the  apex),  23  mm.  broad  opposite  the  end  of  the  cannula,  and  27 
mm.  broad  at  the  somewhat  flattened  tip  of  the  apex.  The  ventricle  meas- 
ured from  base  to  apex  70  mm.  The  cannula  was  now  connected  with  the 
blood  reservoir  and  the  apex  perfused  with  blood.  In  a  few  moments  regu- 
lar and  strong  contractions  set  in.  Curves  were  recorded  with  an  ordinary 
muscle  lever.  The  flow  of  blood  from  the  veins  was  increased  during  each  ' 
systole.  The  experiment  was  stopped  after  the  apex  had  contracted  one 
hour  and  forty  minutes.  During  a  part  of  this  time  the  preparation  was  in  a 
bath  of  blood  at  the  temperature  of  the  body. 

March  jo,  i8gj.  On  the  morning  of  this  day,  a  cannula  was  placed  in 
the  ramus  descendens  of  a  dog  prepared  as  in  the  foregoing  experiment,  and 
most  of  the  left  ventricle  and  all  of  the  right  ventricle  and  septum  except  a 
fringe  near  the  arteria  descendens  cut  away.  The  portion  remaining  was  fed 
through  the  cannula  with  defibrinated  dog's  blood,  and  beat  strongly  and  at 
first  quite  regularly.  It  was  observed  that  the  outflow  from  the  veins  was 
increased  at  each  systole.  Distinct  pulsations  synchronous  with  the  con- 
tractions of  the  heart- fragment  were  observed  in  the  vena  descendens  at  the 
point  where  it  crosses  the  auriculo-ventricular  groove.  A  cannula  was  tied 
into  this  vein,  and  a  pulsation  of  the  liquid  in  the  cannula  noted. 

April  J,  i8gy.  A  pulse  synchronous  with  systole  was  observed  in  the 
liquid  in  a  cannula  placed  in  the  coronary  artery  of  a  piece  of  dog's  ventricle 
fed  with  defibrinated  blood  from  a  reservoir  at  a  constant  pressure. 

April  p,  i8gy.  The  circumflex  area  of  the  left  ventricle  of  a  cat's  heart 
was  fed  with  defibrinated  cat's  blood  at  a  constant  pressure  through  a  cannula 
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placed  in  the  ramus  circumflexus.  A  vein  on  the  surface  of  the  ventricle  was 
incised,  and  a  little  stream  of  normal  saline  solution  allowed  to  flow  over  the 
opening,  so  as  to  prevent  the  blood  collecting  there.  By  this  means  a  clear 
view  of  the  wound  in  the  vein  and  the  escaping  blood  was  secured.  The 
discharge  from  the  vein  was  then  seen  to  be  distinctly  greater  with  each  con- 
traction of  the  ventricle.  The  superficial  veins  in  a  fragment  of  the  auricle 
left  attached  to  the  preparation  were  observed  to  be  nearly  obliterated  by 
each  systole  of  the  auricle.  The  pulse  in  these  auricular  veins  could  not 
have  been  caused  by  the  rhythmic  contractions  of  the  coronary  sinus,  for  the 
pulse  in  the  veins  continued  after  their  separation  from  the  sinus.  More- 
over, a  similar  pulse,  noted  in  the  superficial  ventricular  veins,  ceased  when 
the  ventricle  stopped  beating,  although  the  coronary  sinus  continued  to 
contract. 

The  eflfect  of  the  contraction  of  the  heart  on  the  contents  of  the 
intramural  vessels  can  also  be  demonstrated  in  the  living  animal,  as 
the  next  experiment  will  show. 

April  12^  ^^97*  A  dog  weighing  24  kilos  was  anaesthetized  with  mor- 
phia and  ether,  and  the  heart  exposed  5y  the  resection  of  a  part  of  the  first 
five  ribs  on  the  left  side.  A  branch  of  the  vena  descendens  was  incised 
about  midway  between  the  base  and  the  apex  of  the  ventricle,  and  a  small 
stream  of  warm  0.8  per  cent  normal  saline  solution  allowed  to  flow  over  the 
spot  in  order  that  the  wound  and  the  quantity  of  blood  escaping  from  it 
might  be  readily  seen.  The  vagus  was  now  divided  in  the  neck,  and  the 
peripheral  end  stimulated  with  induction  shocks  of  such  a  strength  that  the 
ventricle  was  not  continuously  inhibited,  but  still  gave  occasional  beats. 
Each  time  the  ventricle  contracted,  the  blood  gushed  from  the  vein.  The 
increased  outflow  appeared  absolutely  synchronous  with  the  contraction. 

An  eye-witness  of  this  experiment  could  hardly  have  been  per- 
suaded that  the  gush  of  blood  from  the  vein  in  systole  was  due  to 
the  transmission  of  the  arterial  pulse  wave  through  the  capillaries 
into  the  veins,  yet  it  seemed  advisable  to  answer  this  possible  objec- 
tion by  direct  experiment. 

July  22 y  iSgj.  The  experiment  of  April  1 2  was  this  day  repeated,  and 
again  each  contraction  of  the  ventricle  caused  a  greatly  increased  outflow 
from  the  vein.  The  vagus  inhibition  being  prolonged,  the  heart  swelled 
greatly,  and  the  occasional  contractions  which  broke  through  the  inhibition 
were  very  strong.  Each  of  these  powerful  contractions  caused  the  blood  to 
spurt  from  the  vein.  The  heart  was  now  excised,  and  the  aorta  connected 
with  a  reservoir  of  defibrinated  dog's  blood  much  diluted  with  0.8  per  cent 
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NaCl  solution.  The  pressure  in  the  reservoir  was  about  100  mm.  Hg,  so 
that,  as  soon  as  the  connection  with  the  aorta  was  made,  the  blood  from  the 
reservoir  filled  the  artery,  closed  the  semilunar  valves,  and  passed  through 
the  coronary  vessels.  The  perfused  heart  beat  for  a  few  minutes  with  con- 
siderable strength.  With  each  beat  the  wound  in  the  vein  spurted,  as  an 
artery  spurts  when  severed  in  the  living  animal. 

The  following  experiments  show  that  the  squeezing  of  the  vessels 
by  the  contracting  muscle  fibres  makes  itself  evident  in  the  arteries  as 
well  as  in  the  veins.  In  this  connection,  it  should  be  remarked  once 
more,  that  the  coronary  arteries  are  "terminal  arteries."  In  the 
absence  of  a  collateral  circulation,  any  pulsation  observed  in  the 
distal  segment  of  a  coronary  artery  after  its  ligation  is  probably  due 
to  the  compression  of  the  intramural  vessels  by  the  contraction  of 
the  heart,  and  not  to  the  transmission  of  an  arterial  pulse  through 
collateral  branches  from  other  arteries. 

November  i8y  iSgj.  A  dog  was  anaesthetized  with  morphia  and  ether, 
and  the  heart  exposed  by  the  resection  of  the  first  five  ribs  on  the  left  side. 
The  ramus  descendens  was  then  ligated  about  20  mm.  from  its  origin.  The 
artery  was  now  incised  10-12  mm.  distal  to  the  ligature.  A  little  blood 
escaped  from  the  wound.  On  stimulating  the  vagus  so  that  the  ventricle 
contracted  only  occasionally,  and  allowing  a  small  stream  of  warm  normal 
saline  solution  to  flow  over  the  opening,  it  was  possible  to  see  plainly  that 
each  beat  forced  blood  out  of  the  artery.  There  was  no  visible  delay  between 
the  beat  and  the  outflow.  The  artery  was  now  tied  a  few  millimetres  distal 
to  the  wound.  The  slight  flow  from  the  artery  then  ceased  altogether,  but 
during  each  systole  a  little  blood  appeared  at  the  mouth  of  the  wound  in 
the  artery. 

The  next  day,  a  very  high  constant  pressure  was  suddenly  made 
in  the  aorta  of  a  living  dog,  so  that  the  semilunar  valves  were  kept 
closed  for  a  time,  the  pressure  on  their  aortic  side  being  greater  than 
the  maximum  pressure  in  the  left  ventricle.  The  coronary  circula- 
tion was  fed  during  this  time  not  by  the  beat  of  the  ventricle  but  by 
the  blood  in  the  pressure-reservoir.  Nevertheless,  each  beat  of  the 
ventricle  forced  blood  out  of  the  incision  made  in  a  coronary  vein  on 
the  surface  of  the  ventricle  and  out  of  a  wound  made  in  the  arteria 
descendens  distal  to  a  ligature  which  had  been  placed  around  it. 
The  details  are  as  follows :  — 

Norrmber  ig,  iSgy,  The  great  vessels  and  heart  of  a  dog  anaesthetized 
with  morphia  and  ether  were  exposed  by  resecting  Ave  ribs  on  the  left  and 
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three  ribs  on  the  right  side  and  removing  the  upper  part  of  the  sternum. 
Cannulas  were  placed  in  the  right  and  left  carotid  arteries.  The  right  sub- 
clavian artery  was  ligated  at  its  origin,  and  the  left  subclavian  artery  and  the 
aorta  prepared  so  that  they  could  be  clamped  at  the  proper  moment.  The 
cannula  in  the  left  carotid  artery  was  connected  with  a  reservoir  containing 
0.8  per  cent  NaCl  solution  at  a  pressure  of  140  mm.  Hg.  The  cannula  in 
the  right  carotid  was  connected  to  a  mercury  manometer,  which  showed  a 
maximum  pressure  of  51  mm.  Hg  (the  heart  being  rather  feeble  from  long 
exposure).  A  vein  on  the  surface  of  the  left  ventricle  was  now  incised. 
The  venous  blood  escaped  from  the  wound  in  weak  jets  synchronous  with  the 
contractions  of  the  ventricle,  which  were  infrequent  enough  to  pemiit  the 
outflow  to  be  seen  distinctly.  The  stopcock  between  the  carotid  artery  and 
the  reservoir  of  saline  solution  under  pressure  was  now  opened  and  the  left 
subclavian  artery  and  the  aorta  clamped.  The  pressure  in  the  manometer 
connected  with  the  right  carotid  artery  then  rose  to  more  than  double  its 
former  maximum  height.  The  semilunar  valves  were  kept  shut  by  this  very 
high  pressure  in  the  aorta.  The  left  ventricle,  unable  to  open  the  semilunar 
valves,  became  greatly  distended.  An  observation  on  the  outflow  from  the 
incised  artery  and  vein  was  made  the  moment  the  high  pressure  in  the  aorta 
closed  the  semilunar  valves,  before  there  could  possibly  have  been  time  for 
the  heart- beat  to  change  sufficiently  to  overcome  a  pressure  nearly  three  times 
!  as  great  as  the  former  maximum  arterial  pressure,  if  indeed  it  could  ever  have 
I  done  so.  The  blood  still  emerged  from  the  vein  in  gentle  systolic  jets.  The 
i  wound  in  the  artery  merely  oozed,  but  the  quantity  escaping  was  distinctly 
greater  in  systole. 

The  emptying  of  the  intramural  vessels  by  the  systolic  squeeze 
of  the  fibres  around  them  has  been  repeatedly  observed  in  this 
Laboratory  in  the  course  of  experiments  on  the  extirpated  heart  of 
the  cat,  and  has  recently  been  admirably  demonstrated  by  my  friend, 
Mr.  F.  H.  Pratt,  by  suspending  a  strip  of  the  cat's  heart,  fed  through 
one  of  the  coronary  arteries,  in  a  large  vessel  of  normal  saline  solu- 
tion. The  experiment  is  so  instructive  that  it  seems  worth  while 
to  describe  in  this  place  a  simple  method  by  the  aid  of  which  the 
phenomena  may  be  very  easily  shown. 

A  cat  is  anaesthetized  with  ether  and  cannulas  placed  in  the  left 
carotid  artery  and  the  right  jugular  vein.  The  animal  is  now  bled 
from  the  artery.  When  the  blood  no  longer  flows  except  in  drops, 
the  artery  is  clamped,  and  0.8  per  cent  NaCl  solution  at  a  tempera- 
ture of  37°  C.  allowed  to  flow  slowly  into  the  jugular  vein.  When 
the  blood  vessels  are  well  filled  with  saline  solution,  the  cat  is  bled 
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again.  The  blood  drawn  in  the  first  bleeding  is  diluted  one  half  with 
the  normal  saline  solution.  The  defibrinated  blood  mixture  from 
both  bleedings  is  then  placed  in  a  Mariotte  tube,  30  cm.  long  and 
3  cm.  in  diameter,  of  190  c.c.  capacity.  The  Mariotte  tube  opens 
below  into  a  vertical  glass  tube  about  5  mm.  in  diameter,  on  the  end 
of  which  is  a  cannula  provided  with  a  stopcock.  The  cannula  is 
inserted  in  the  ramus  descendens  or  the  ramus  circumflexus  of  the 
left  coronary  artery  and  all  the  heart  cut  away  except  that  part  of  the 
ventricle  supplied  by  the  chosen  artery.  The  fragment  of  the  ven- 
tricle is  now  suspended  in  a  very  large  beaker,  filled  with  warm  nor- 
mal saline  solution.  When  the  Mariotte  tube,  the  connecting  tube, 
and  the  cannula  are  filled  with  the  defibrinated  blood,  the  height  of 
the  liquid  column  is  about  65  cm.,  giving  a  blood-pressure  of  about 
50  mm.  Hg  in  the  coronary  artery.  On  opening  the  stopcock 
between  the  cannula  and  the  upright  tube,  the  blood  circulates 
through  the  coronary  artery  and  its  branches,  and  the  fragment  of 
ventricle  presently  begins  to  beat.  With  each  contraction  the  blood 
shoots  from  the  severed  vessels  in  the  margins  of  the  fragment  some 
distance  into  the  surrounding  liquid,  making  a  funnel-shaped  cloud 
in  the  clear  saline  solution. 

II. 

Having  thus  demonstrated  the  pressure  which  the  muscular  fibres 
in  the  heart  exercise  upon  the  intramural  vessels  during  systole,  it 
remains  to  consider  to  what  extent  this  constriction  and  subsequent 
relaxation  assist  the  flow  of  blood  through  the  heart  walls.  That 
they  do  assist  the  flow  of  blood  through  the  heart  walls  seems  a  priori 
probable ;  it  is,  indeed,  difficult  to  imagine  how  the  periodical  squeez- 
ing of  vessels  communicating  on  the  one  hand  with  the  aorta,  a  res- 
ervoir in  which  the  pressure  is  always  relatively  very  high,  and  on  the 
other  with  outflow  channels  in  which  the  pressure  is  always  relatively 
very  low,  could  fail  to  drive  the  blood  towards  the  point  of  low 
pressure,  /.  i\  into  the  veins.  But  these  premises  do  not  justify  the 
conclusion  that  the  systolic  compression  of  the  intramural  vessels 
increases  the  total  volume  of  the  coronary  circulation.  This  is  quite 
another  problem,  and  one  which  cannot  be  answered  from  the  data 
thus  far  brought  forward.  It  has  just  been  demonstrated  that  the 
circulation  through  the  intramural  vessels  is  diminished  during  the 
contraction  of  the  fibres  around  them.     The  emptying  of  the  vessels 
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passed  from  the  coronary  artery  into  the  right  ventricle,  and  thence 
through  a  glass  tube,  drop  by  drop,  onto  an  aluminium  plate  fas- 
tened upon  the  lever  of  a  Marey  tambour.^  The  variation  in  the  air 
pressure  in  the  tambour  occasioned  by  the  falling  drops  was  trans- 
mitted through  a  connecting  tube  to  a  second  tambour,  provided 
with  a  small  chamber,  thin  membrane,  and  very  light  moving  parts, 
and  recorded  by  its  writing  lever  upon  the  smoked  paper  of  a  kymo- 
graph. With  this  record  of  the  number  of  drops  of  blood  passing 
through  the  coronary  vessels  was  written  the  pressure  in  the  left 
ventricle,  the  cavity  of  which  was  filled  with  normal  saline  solution 
and  connected  with  a  sensitive  Hiirthle  membrane  manometer.  A 
side  branch  led  from  this  cannula  to  a  Mariotte  flask  placed  higher 
than  the  heart  and  filled  with  normal  saline  solution.  When  the 
stopcock  leading  to  this  flask  was  opened,  the  pressure  in  the  left 
ventricle  rose,  as  shown  by  the  rise  in  the  base  line  of  the  curve. 
After  a  few  seconds  the  stimulus  of  the  increased  intracardiac  pres- 
sure caused  the  ventricle  to  beat  with  greater  force  and  the  volume 
of  the  coronary  circulation  became  greater,  —  and  this  in  spite  of  a 
diminished  frequency  of  contraction.  Later,  the  pressure  in  the  ven- 
tricle was  lowered  to  that  of  the  atmosphere,  the  ventricle  contracted 
less  vigorously,  and  the  volume  of  the  coronary  circulation  was 
correspondingly  reduced. 

A  diminution  in  the  volume  of  the  coronary  circulation  in  conse- 
quence of  lessening  the  frequency  of  contraction  is  demonstrated  by 
Fig.  5.  The  uppermost  curve  in  this  figure  records  the  pressure  in 
the  left  ventricle  of  the  isolated  heart  of  the  cat,  fed  through  the  aorta 
and  coronary  vessels  with  defibrinated  cat's  blood  at  a  constant  pres- 
sure and  temperature.  The  ventricle  was  filled  with  saline  solution 
and  connected  with  a  Hiirthle  membrane  manometer.  The  second 
curve  was  written  by  the  armature  of  an  electro-magnet  placed  in  the 
primary  circuit  of  a  du  Bois-Reymond  inductorium.  The  heavy 
white  line  records  the  stimulation  of  the  peripheral  end  of  the  vagus 
nerve  with  a  weak  induced  current;  the  individual  strokes  of  the 
armature  are  blended,  owing  to  the  slow  speed  of  the  smoked  paper. 
The  third  curve  marks  the  number  of  drops  of  blood  flowing  through 
the  coronary  vessels,  the  recording  apparatus  being  that  used  for 
the  experiment  illustrated  by  Fig.  4.  The  fourth  curve  marks  the 
time  in  seconds.     The  weak  excitation  of  the  vagus  diminished  the 

^  For  the  details  of  this  method  and  a  discussion  of  its  sources  of  error,  see 
Magrath  and  Kennedy  :  Journal  of  experiment<il  medicine,  1897,  ii,  p.  13. 
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in  frequency  and  the  changes  in  the  volume  of  the  coronary  circu- 
lation in  Fig.  5  points  toward  a  mechanical  explanation,  and  seems 
to  warrant  the  statement  that  the  increase  in  the  volume  of  the  cor- 
onary circulation  which  accompanies  an  increase  in  the  force  or 
frequency  of  the  heart-beat  is  probably  to  be  explained  by  the  peri- 
odical emptying  of  the  intramural  vessels  by  the  contraction  of  the 
heart. 

III. 

It  is  conceivable  that  the  emptying  of  the  intramural  vessels  by  the 
contraction  of  the  heart  may  favor  the  flow  of  blood  through  the 
heart  walls  in  two  ways :  first,  by  the  diminished  resistance  which 
the  empty  patulous  vessels  should  offer  to  the  inflow  of  blood  from 
the  aorta  when  the  heart  relaxes ;  and  second,  by  the  suction  which 
might  accompany  the  sudden  expansion  of  the  compressed  vessels,  — 
expanding  either  by  virtue  of  their  intrinsic  elasticity,  or  because  of 
the  pull  of  the  surrounding  tissues  upon  their  walls,  as  the  heart 
quickly  regains  its  diastolic  form.  It  will  be  best  to  begin  with  the 
second  problem,  namely,  the  possible  suction  of  the  relaxing  heart 
muscle. 

The  method  by  which  this  problem  was  attacked  consists  in  sudv 
denly  connecting  the  distal  portion  of  a  coronary  artery  of  the( 
strongly  beating  heart  with  a  small  reservoir  of  blood  at  the  atmos-i 
pheric  pressure.  If  each  compression  of  the  deeper  branches  of  the 
artery  were  followed  by  an  expansion  sufficient  to  cause  a  note- 
worthy suction,  the  blood  in  the  reservoir  should  be  drawn  into  the 
artery ;  for  this  blood  is  the  sole  source  of  supply  throughout  the  ex- 
periment, the  **  terminal  **  nature  of  the  coronary  arteries  preventing' 
any  material  backflow  from  collateral  branches.  It  will  be  seen  from' 
the  experiments  about  to  be  cited  that  no  appreciable  suction  can  be 
•demonstrated  in  the  larger  coronary  arteries,  even  when  a  very  sensi- 
tive minimum  valve  is  interposed  between  the  artery  and  the  reser- 
voir in  order  to  prevent  the  possible  masking  of  the  suction  by  rising 
pressures  accompanying  the  contraction  of  the  ventricle. 

April  I4f  i8gj.  The  heart  and  great  vessels  of  a  dog  anaesthetized  with 
morphia  and  ether  were  exposed  by  the  removal  of  a  part  of  the  chest  wall. 
A  glass  cannula,  177  mm.  k>ng  and  3.5  mm.  in  diameter,  bent  near  the  end 
as  illustrated  by  Fig.  6,  and  furnished  with  a  stopcock  and  a  side  branch 
leading  to  a  minimum  manometer,  as  shown  in  Fig.  7,  was  connected  with  a 

II 
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FfCL6u  Lower  end 
of  glaM  cannala 
ior  pafmmmg  the 
ramai  ctrcnm- 
flcxos  in  the  liv- 
inc  gf*f"*ff? 


Rserroir  catitsanaug  warm  dtSbmated  dog's  biood,  obcaiDcd  in  the 
dcicnbed  m  the  Expu  March  29,  pGige  153.     The  presoie  in  the  blood  icsenxiir 

was  marimiawnfd  at  a  constant  level  oC  about  80  mm.  H^ 
(The  exact  leadii^  of  the  meicmi'  manoineter  ooonected 
with  the  reserroir  was  inadrertentir  omitted  from  the  pro- 
tocoL)  The  minimum  vahre  and  its  manometer  veie 
filled  with  o^  per  cent  \aCl  sofaition,  and  the  rannnh 
and  the  connecting  tubes  with  defibrinated  dog's  blood. 
The  long  cammh  was  now  lapidlj  passed  thioc^  the 
innominate  artery,  aorta,  and  left  coronary  artery  into 
the  ramus  circumflexusy  which  it  filled  completely,  and 
\    1  the  stopcock  leading  to  the  blood  reserroir  <^)ened.     The 

\  \  stopcock  leading  to  the  minimum  manometer  had  pre- 

V/^  viously  been  closed.     The  defibfinated  blood  entered  the 

artery  at  about  the  normal  temperature  and  pressure  aiMi 
maintained  a  satisfactory  circulation.  The  heart  con- 
tinued to  beat  strongly  and  regularly.  The  blood  reser- 
voir was  now  suddenly  shut  oS,  and  the  stopcock  leading 
to  the  minimum  manometer  as  suddenly  opened.  The 
contents  of  the  manometer  passed  slowly  into  the  artery, 
but  on  comparing  the  level  of  the  liquid  in  the  manometer,  with  that  of  the 
heart  it  was  found  that  the  ma- 
nometer was  higher  than  the 
heart.  The  slow  emptying  of 
the  manometer  may  therefore 
have  been  due  to  gravity.  The 
experiment  shows  at  least  that 
there  is  no  strong  suction,  other- 
wise the  manometer  would  have 
been  emptied  rapidly. 

j4firi/  /J,  1S97.  The  fore- 
going experiment  was  repeated, 
but  no  suction  could  be  demon- 
strated. 

April  16,  1897.  The  experi- 
ment was  varied  by  tying  a  can- 
nula into  the  ramus  descendens, 
opened  for  the  purpose  on  the 
surface  of  the  ventricle  near  the 
origin  of  the  artery,  and  connect- 
ing this  cannula  with  a  minimum  manometer,  filled,  as  before,  with  normal 
saline  solution.     liut  no  suction  could  be  found. 


Fig.  7.    Minimum  valve  and  cannula,  one- 
fourth  actual  size. 
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Aprii  23,  i8gj,  A  cannula  tied  into  the  ramus  descendens  of  a  dog's 
heart  was  furnished  with  a  T-tube,  one  limb  of  which  led  through  a  minimum 
manometer  to  a  nearly  horizontal  glass  tube  filled  with  normal  saline  solution, 
while  the  other  led  to  a  reservoir  from  which  the  descendens  area  was  sup- 
plied with  warmed,  defibrinated  dog's  blood  at  about  the  normal  pressure 
(Fig.  7).  \Vhile  the  heart  was  beating  well,  the  descendens  area  being  fed 
from  the  pressure  flask,  the  latter  was  suddenly  cut  off  and  the  stopcock 
leading  to  the  minimum  valve  tube  opened.  There  was  no  suction,  although 
the  conditions  of  the  experiment  were  all  favorable  to  its  discovery. 

Experiments  similar  to  that  of  April  16  on  the  dog  have  been  tried 
on  four  cat's  hearts  (Nov.  1 1-17),  but  also  without  finding  any  suction. 

It  should  be  remarked  that  these  are  all  negative  results.  Against 
a  single  positive  result  they  would  be  worthless.  Yet  I  am  obliged 
at  present  to  conclude  that  the  relaxation  of  the  heart  wall  does  not 
produce  a  suction  in  the  larger  coronary  vessels. 

Having  failed  to  demonstrate  any  suction  in  the  coronary  arteries 
during  the  diastole  of  the  heart,  it  is  necessary  to  accept  the  alterna- 
tive explanation  of  the  favorable  influence  of  the  heart-beat  on  the 
flow  of  blood  through  the  heart-walls,  namely,  the  diminished  resist- 
ance which  the  empty  patulous  vessels  offer  to  the  inflow  of  blood 
when  the  heart  relaxes. 

Summary. 

1.  Curves  of  the  blood-pressure  in  the  carotid  and  the  coronary 
artery,  recorded  simultaneously  by  two  sensitive  membrane  manome- 
ters, reveal  no  noteworthy  difference  in  the  form  of  the  pulse-wave. 

2.  The  intramural  branches  of  the  coronary  vessels  are  compressed 
by  the  contraction  of  the  muscle  fibres  around  them. 

3.  The  volume  of  blood  passing  through  the  coronary  vessels  is  in- 
creased by  an  increase  in  either  the  force  or  the  frequency  of  the  heart- 
beat. 

4.  It  is  probable  that  this  Increase  in  the  volume  of  blood  passing 
through  the  coronary  vessels  is  accomplished  largely  through  the 
periodical  emptying  of  the  intramural  vessels  by  the  systolic  squeeze 
of  the  fibres  around  them. 

5.  The  emptying  of  the  intramural  vessels  by  the  contraction  of 
the  heart  favors  the  flow  of  blood  through  the  heart-walls  chiefly  by 
the  diminished  resistance  which  the  empty  patulous  vessels  offer  to 
the  inflow  from  the  aorta  when  the  heart  relaxes. 

6.  The  relaxation  of  the  heart-walls  does  not  produce  a  note- 
worthy suction  in  the  larger  coronary  vessels. 


A  FURTHER  STUDY  OF  THE  INFLUENCE  OF  ALCOHOL 

AND   ALCOHOLIC   DRINKS   UPON   DIGESTION,   WITH 

SPECIAL   REFERENCE  TO   SECRETION.^ 

By  R.  H.  CHITTENDEN,  LAFAYETTE  B.  MENDEL,  and 

HOLMES   C.  JACKSON. 

[From  the  Sheffifld  Laboratory  of  Physiological  Chemistry^  Yale  University, \ 

IN  a  previous  paper  ^  on  the  "  Influence  of  Alcohol  and  Alcoholic 
Drinks  upon  the  Chemical  Processes  of  Digestion  "  it  was  carefully 
pointed  out  that  any  complete  and  satisfactory  answer  to  the  ques- 
tion "  How  do  alcoholic  fluids  affect  digestion?"  cannot  be  obtained 
by  any  single  line  of  experimentation,  since  the  rate  and  extent  of 
digestion  may  be  modified  in  a  variety  of  ways  and  through  a  variety 
of  channels.  Thus,  due  consideration  must  be  given  not  only  to  the 
direct  influence  of  alcoholic  fluids  upon  the  solvent  or  digestive 
power  of  the  several  digestive  juices,  but  heed  must  also  be  given 
to  the  quantitative  and  qualitative  modifications  which  the  secretions 
themselves  may  undergo,  as  well  as  to  variations  in  the  rate  of 
absorption  and  to  the  possible  interaction  of  these  and  other  factors. 
In  our  earlier  paper,  the  data  presented  threw  light  only  upon 
the  character  and  extent  of  the  influence  exerted  by  various  alcoholic 
fluids  upon  the  purely  chemical  processes  of  digestion,  i,  e,y  upon 
amylolysis  and  proteolysis.  In  the  continuation  of  these  studies 
during  the  past  year  our  efforts  have  been  directed  mainly  to  acquir- 
ing a  fuller  knowledge  of  the  action  of  alcoholic  beverages  upon 
secretion ;  and  in  so  doing  new  data  have  been  obtained  which,  it  is 
hoped,  will  prove  of  value  in  explaining  more  fully  the  action  of 
these  fluids  upon  the  whole  process  of  digestion. 

SALIVARY  SECRETION. 

The  current  statements  regarding  the  influence  of  alcohol  on  the 
secretion   of  saliva  are  confined  to  a  brief  reference  to  the  direct 

^  Being  a  statement  of  some  research  work  done  for  the  Committee  of  Fifty 
for  the  Investigation  of  the  Liquor  Problem,  and  to  be  regarded  as  a  preliminary 
report,  contributing  facts  upon  which  a  general  discussion  may  in  the  future  be 
undertaken  by  the  Committee  as  a  whole. 

2  Chittenden  and  Mendel  :  American  journal  of  the  medical  sciences. 
1896,  January-April. 
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action  on  the  flow  into  the  mouth.  Thus  it  is  stated  that  almost 
coincident  with  the  burning  sensation  caused  by  alcohol  taken  into 
the  mouth,  a  copious  flow  of  saliva  begins,  due  to  reflex  stimulation 
of  the  glands  through  the  nervous  system.^  We  have  performed  ex- 
periments with  the  object  of  ascertaining  (i)  the  possible  variations 
in  the  amount  of  salivary  flow  due  to  the  presence  of  alcoholic  fluids 
in  the  mouth,  psychical  influences  being  eliminated  so  far  as  possible ; 
(2)  the  character  of  the  saliva  thus  secreted;  (3)  the  influence  upon 
secretion  of  alcoholic  beverages  introduced  into  the  stomach.  It 
seemed  particularly  desirable  to  investigate  this  latter  phase  in  view 
of  the  asserted  influence  of  irritating  substances  (vinegar,  alcoholic 
extract  of  pepper,  etc.)  when  introduced  directly  into  the  alimentary 
tract  through  a  fistula.  There  is  said  to  result  under  such  conditions 
a  reflex  flow  of  saliva,  the  nervous  impulses  being  transmitted  through 
the  vagus.*^ 

The  Influence  of  Alcoholic  FluldB  introduced  into  the  Mouth. — In  the 
following  experiments  the  attempt  was  made  to  ascertain  something 
as  to  the  character  and  extent  of  the  direct  stimulation  of  the  salivary 
glands  provoked  by  the  presence  of  alcoholic  fluids  in  the  mouth,  as 
well  as  to  determine  what  quantitative  changes,  if  any,  may  be  called 
forth  in  the  composition  of  the  secretion  in  this  way.  These  experi- 
ments were  made  on  both  man  and  dogs.  The  method,  in  the  first  in- 
stance, consisted  in  taking  into  the  mouth  10  c.c.  of  the  fluid  studied, 
and  allowing  it  to  remain  there  for  an  instant  previous  to  swallowing 
it.  The  normal  conditions  were  thus  closely  imitated,  and  reflex  in- 
fluences from  the  stomach  not  excluded.  The  head  was  now  turned 
to  one  side  and  rested  upon  the  arm,  the  saliva  being  allowed  to  collect 
in  the  cavity  of  the  mouth.  As  the  fluid  accumulated  it  was  from  time 
to  time,  during  fifteen  to  twenty  minutes,  allowed  to  flow  out  of  a 
corner  of  the  mouth  into  a  measuring  vessel.  Movements  of  the 
jaws  and  tongue  were  carefully  avoided  and  psychic  stimulation  was 
excluded  as  far  as  possible.  The  method,  already  recommended  by 
Hofbauer,^  was  found  to  be  reasonably  satisfactory,  and  control 
trials  showed  that  the  quantities  of  saliva  obtained  within  periods  of 
fifteen  or  t\venty  minutes  could  be  appropriately  compared. 

•  Compare,  for  example,  KOhne:  Lehrbuch  der  physiol.  Chemie,  1868,  p.  2; 
Lauder  Brunton  :  Disorders  of  digestion,  1886,  p.  143. 

•  Oehl:  Comptes  rendus,  lix,  p.  336,  quoted  by  Heidenhain,  Hermann's 
Handbuch  der  Physiologie,  1883,  v,  p.  83. 

•  HOFBAUER  :  Archiv  fiir  die  ges.  Physiol.,  1897,  Ixv,  p.  503. 
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Of  the  saliva  thus  collected,  3-4  c.c.  were  taken  for  analysis. 
A  weighed  quantity  was  dried  in  a  tared  crucible  on  a  water-bath 
and  then  for  four  or  five  hours  at  105° C,  this  time  being  found 
sufficient  to  bring  crucible  and  contents  to  a  constant  weight.  Total 
solids  were  thus  determined.  The  crucible  was  then  ignited,  care 
being  taken  to  prevent  loss  by  volatilization  of  salts.  The  ash  thus 
obtained  is  given  as  salts  in  the  protocols,  while  the  organic  constitu- 
ents were  obtained  by  subtracting  the  amount  of  salts  from  the  total 
isolids.  In  some  cases  the  amount  of  CI  in  the  ash  was  determined 
by  the  usual  method  of  titration  with  weak  silver  nitrate  solution. 
The  analytical  results  are  all  expressed  in  percentages.  The  follow- 
ing figures  serve  to  illustrate  the  results  of  a  typical  duplicate 
analysis :  — 

SUBMAXILLARY   SALIVA  OF  DOG. 


Water. 

Total  solids. 

Organic  con- 
stituents. 

Salts. 

Chlorine. 

A. 
B. 

98.99 
98.99 

1.01 
1.01 

0.80 
0.78 

0.21 
0.23 

0.M2 
0.040 

It  is  an  observation  easily  verified,  that  the  presence  of  a  small 
quantity  of  strong  alcohol  or  alcoholic  beverage  in  the  mouth  ex- 
cites a  sudden  flow  of  saliva.  This  acceleration  in  flow  is,  at  most,  a 
very  brief  one,  and  the  rate  of  flow  quickly  returns  to  that  pertaining 
to  normal  conditions,  1.  ^.,  absence  of  stimuli  in  the  mouth.  The 
stimulation  in  this  case  is  not  due  merely  to  the  mechanical  action  of 
the  fluid  introduced,  nor  is  it  a  form  of  stimulation  specific  for  alcohol 
alone,  as  our  experiments  on  dogs  have  demonstrated.  Thus,  animals 
were  anaesthetized  with  ether  and  chloroform  through  a  tracheal 
cannula  (thereby  avoiding  direct  stimulation  of  salivary  flow),  a 
small  dose  of  morphine,  or  a  larger  one  of  chloral,  having  been  previ- 
ously administered.  A  cannula  was  then  introduced  into  one  or 
both  ducts  of  the  submaxillary  glands.  A  small  wad  of  absorbent 
cotton  moistened  with  the  fluid  to  be  studied  was  introduced  with  a 
forceps  into  the  back  of  the  mouth  upon  the  tongue,  and  the  flow  of 
saliva  from  the  ends  of  the  cannulas  noted.  It  was  found  by  this 
method  that  water  or  weak  sodium  chloride  solution  (0.7  per  cent) 
produced  no  further  effect  than  the  secretion  of  a  drop  or  two  of 
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SALIVARY  EXPERIMENTS  ON  MAN. 
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saliva  due  to  the  mere  mechanical  action  of  introducing  the  wad  ;  with 
increasing  strengths  of  salt  the  secretion  was  decidedly  accelerated, 
flowing  readily  after  application  of  20  per  cent  salt  solution,  the 
acceleration,  however,  being  very  brief  in  duration  (5  min.).  The 
buccal  cavity  could  be  swabbed  out  with  water  occasionally,  the 
effect  being  a  minimal  one.  It  was  found  that  weak  alcohol,  introduced 
in  this  way,  provoked  little,  if  any,  flow;  while  stronger  alcohol 
(50  per  cent)  gave  rise  to  a  transitory  secretion,  the  stimulation  in 
this  case,  however,  being  far  more  marked  than  can  be  produced  by 
the  indirect  action  of  alcohol  through  the  stomach.  Thus,  in  one 
animal,  in  which  the  activity  of  the  glands  was  found  pronounced 
when  a  drop  of  dilute  acetic  acid  was  applied  to  the  tongue,  injection 
of  100  c.c.  50  per  cent  alcohol  directly  into  the  stomach,  failed  to 
provoke  any  reflex  salivary  flow  in  half  an  hour. 

Turning  now  to  the  influence  of  alcoholic  fluids  upon  the  rate  of  flow 
and  composition  of  the  saliva  in  man,  the  accompanying  experiments, 
by  the  method  above  indicated,  may  be  cited  (p.  167).  The  first  two 
(I.  and  II.)  show  the  results  obtained  with  successive  portions  of 
water ;  in  the  following  ones,  a  control  experiment  with  water  in  each 
instance  preceded  the  trial  with  the  alcoholic  fluid. 

The  alcoholic  content  of  the  fluids  employed  was  as  follows :  Brandy, 
47  per  cent  by  vol. ;  gin,  51  per  cent;  sherry,  21  per  cent. 

From  these  figures  it  is  seen  that  the  results  obtained  with  two  suc- 
cessive portions  of  water  scarcely  differ  from  each  other,  the  tendency 
however  being  towards  decreased  flow  accompanied  by  decrease  in 
dissolved  material  in  the  saliva.  Interpreted  in  physiological  terms, 
these  results  indicate  that  the  second  stimulation  with  water  is,  if  any- 
thing, weaker  than  its  predecessor.  In  decided  contrast  appear  the 
results  obtained  with  the  alcoholic  liquors.  Here  may  be  observed  an 
increased  flow  of  saliva,  not  pronounced,  but  accompanied  by  an  in- 
crease in  both  organic  and  inorganic  constituents.  The  effect  is  pre- 
cisely analogous,  both  in  composition  and  rate  of  flow,  to  that  brought 
about  by  an  increase  in  intensity  of  stimulation,  when  the  salivary 
glands  are  electrically  excited  through  their  nerves.* 

The  following  diagram  represents  in  graphic  form  the  results  given 
in  the  preceding  table,  /.  ^.  (i)  the  relative  rate  of  flow  induced  by 
water  and  by  the  alcoholic  fluid;    (2)  the  content  of  solid  matter, 

^  Cf.  Heidenhain:  Archiv  fiir  die  ^es.  Physiol.,  1878,  xvii,  p.  7,  and  Her- 
mannas  Handbuch  der  Physiologic,  v,  p.  52. 
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together  with  the  relative  proportion  of  ash  or  inorganic  matter  and 
of  organic  matter  as  indicated  by  the  loss  on  ignition. 


h       ill 

I.         II.        rii.        IV.        V.        VI.       VII.      VIII. 

a.  b.  a.  I).         a.  b.  a.  b.  a.  b.  a.  b.         a.  b.  a.  b. 

Water.       Water,    Brandy.    Brandy.    Brandy.    Brandy.      Gin.        Sheiry. 


Diagram  illustrating  the  relative  influence  of  alcoholic  fluids  on  tfae  rate  of  secretion  and 
composition  of  human  saliva. 

The  Inflnenoa  of  Aiooholio  Liqaora  iatrodnoed  directly  into  the  Btomaoh. 
—  In  our  experiments  on  the  reflex  stimulation  of  salivary  flow,  the 
attempt  to  produce  a  persisting  secretion  due  to  the  presence  of 
alcohol  in  the  stomach  was  unsuccessful;  nor  have  we  been  able  to 
obtain  evidence  of  an  unusual  flow  of  saliva  under  such  circumstances 
in  dogs  with  gastric  tistulx.  It  seemed  desirable,  however,  to  examine 
the  possible  direct  influence  of  alcoholic  fluids  on  the  salivary  glands 
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and  the  resulting  secretion,  when  other  factors  were  excluded  as  far 
as  possible.  In  these  experiments  dogs  of  10  to  18  kilos  were  used. 
Chloroform-ether  mixture  was  employed  to  produce  anaesthesia, 
and  was  administered  through  a  tracheal  tube  in  part  of  the  experi- 
ments, the  danger  of  respiratory  difficulties  resulting  from  salivary 
flow  induced  in  the  glands  as  a  result  of  the  ether  stimulation  being 
thus  avoided.  In  the  later  stages  of  the  experiments  the  alcohol 
introduced  usually  sufficed  to  maintain  the  animal  in  perfect  quiet. 
Fredericq  ^  has  recommended  the  use  of  alcohol  for  producing  nar- 
cosis in  rabbits ;  it  has  been  found  quite  satisfactory  for  this  purpose 
in  the  dog,  the  effects  passing  off  with  relative  rapidity. 

A  glass  cannula,  bent  at  the  end,  was  tied  in  Wharton's  duct  (and 
occasionally  a  second  cannula  into  the  duct  of  the  sublingual  gland). 
The  chordo-lingual  nerve  was  ligatured  and  cut  at  some  distance 
centrally  to  the  point  where  the  chorda  tympani  branches  off  to  the 
glands.  All  secretion  in  the  corresponding  gland  was  thus  stopped 
except  during  stimulation  of  the  chorda,  which  was  accomplished 
through  raising  the  peripheral  end  of  the  cut  nerve  by  the  ligature 
and  slipping  hook  electrodes  under  it.  The  interrupted  current  of  a 
du  Bois  induction-coil  with  a  single  element  was  used  as  the  stimulus. 
Saliva  was  collected  in  small  graduated  cylinders.  Alcohol  was  intro- 
duced into  the  stomach  by  making  an  incision  through  the  linea  alba, 
etc.,  and  injecting  the  fluid  directly  into  the  organ  thus  exposed  by 
means  of  a  large  needle-pointed  syringe.  By  careful  avoidance  of  the 
larger  gastric  vessels,  bleeding  was  minimal.  The  general  course  of 
the  experiments  was  as  follows :  A  distance  between  the  primary  and 
secondary  coil  of  the  inductorium  was  selected  such  as  a  prelimi- 
nary trial  showed  to  give  a  medium  rate  of  flow.  This  stimulus  was, 
so  far  as  possible,  kept  constant  throughout  the  experiment.  The 
chorda  was  repeatedly  stimulated  for  periods  of  one  minute,  followed 
by  pauses  of  two  minutes,  during  which  the  nerve  was  kept  covered. 
In  this  way  sufficient  quantities  of  saliva  for  analysis  were  collected. 
Before  collecting  a  sample  of  saliva  under  any  given  conditions,  the 
six  or  seven  drops  first  discharged  were  thrown  away,  and  thus  the 
fluid  stored  up  from  previous  stimulation  in  the  gland  lumina,  ducts, 
and  cannula  was  avoided.^  After  collecting  two  or  three  control  sam- 
ples, the  fluid  to  be  considered  (usually  warmed  slightly)  was  injected 

*  Fredericq:  Manipulations  de  physiologic,  p.  19. 

2  Cf.  Heidenhain:  Hermann's  Handbuch  der  Physiologic,  v,  p.  53;  Langley 
and  Fletcher  :  Philosophical  transactions,  1889,  clxxx,  B.,  p.  112. 
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into  the  stomach  in  the  manner  already  described,  and  this  was  fol- 
lowed by  a  pause  of  five  minutes.  The  pulse  was  observed  at  fre- 
quent intervals  to  detect  any  possible  influence  on  the  heart's  action 
and  consequent  blood-flow.  The  samples  of  saliva  collected  were 
analyzed  in  the  manner  already  described.  At  the  conclusion  of  the 
experiment,  the  animal  was  killed  by  bleeding,  and  the  condition  of 
the  glands,  as  well  as  of  the  stomach  and  other  organs,  examined. 
The  protocols  of  three  typical  experiments  are  given  below. 

I,  iii,  1897.  Dog.  Weight  14  kilos.  Chloroform  and  ether  administered  through  tracheal 
tube  during  part  of  the  experiment.  Distance  of  secondary  coil  =  200  mm.  Period 
of  stimulation  =  i  min.,  followed  by  a  pause  of  2  min. 


Time. 

Amount 

saliva 
collected 

Rate  of 
secretion 
per  min. 

Water. 

Total 
solids. 

Organic 
matter. 

Salts. 

Chlorine. 

c.c. 

c.c. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

II 

10.35 

5.3 

0.7 

9a76 

1.24 

0.94 

a30 

0.026 

II 

11.08 

5.4 

0.6 

98.94 

1.06 

0.73 

033 

0.036 

III 

1138 

5.2 

0.8 

98.95 

1.05 

0.69 

0.36 

0.044 

IV 

11.56 

4.0 

0.8 

9a90 

1.10 

.... 

.... 

0.048 

12.20 

80  c.c.  5 

0  per  cent 

alcohol  in 

ected  into 

stomach. 

V 

12.35 

4.8 

0.8 

98.96 

1.04 

0.69 

0.35 

0.047 

VI 

12.55 

4.8 

0.8 

99.01 

0.99 

0.59 

0.40 

0.076 

1.15 

ICO  C.C.  5 

0  per  cent 

alcohol  in 

ected  into 

stomach. 

VII 

1.21 

4.9 

0.8 

99.05 

0.95 

0.59 

0.36 

0.055 

VIII 

1.42 

6.0 

1.0 

99.05 

0.95 

a60 

0.35 

0.060 

IX 

2.02 

5.5 

0.9 

99.14 

0.86 

0.52 

034 

0.048 

x 

2.24 

5.2 

0.8 

99.17 

0.83 

0.47 

0.36 

0.042 

2.53 

100  C.C.  5 

5  per  cent 

alcohol  inj 

ected  into 

stomach. 

XI 

2.58 

4.5 

0.6 

99.07 

0.93 

0.63 

0.30 

0.034 

XII 

3.27 

6.0 

0.6 

99.18 

0.82 

0.53 

0.29 

0.037 

XIII 

4.10 

5.0 

0.7 

99.17 

0.83 

0.49 

0.34 

0.038 

Dog  killed.  Stomach  mucosa  normal  in  appearance.  Urinary  bladder  and  gall  bladder 
greatly  distended.  Stomach  contents  =  450  cc,  faintly  acid  in  reaction,  and  containing 
24.6  grams  of  alcohol.    No  food  present 

^  In  this  first  period  the  distance  of  the  secondary  coil  was  280  mm.,  but  the 
stimulation  was  unsatisfactory. 
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22,  iii,  1S97.  Bitch.  Weight  10  kilos.  Chloroform  and  ether  administered  during  opera- 
tion. Tracheotomy  performed  after  operation.  Distance  of  secondary  coil  =  240  mm. 
Period  of  stimulation  =  i  min.,  followed  by  2  min.  pause. 


Time. 

Amount 

saliva 

collected 

c.c. 

Rate  of 

secretion 

per  min. 

c.c. 

Water, 
per  cent. 

Total 
solids. 

per  cent. 

Organic 
matter. 

per  cent. 

Salts, 
per  cent. 

Chlorine, 
per  cent. 

I 

11.30 

4.6 

1.1 

98.68 

1.32 

1.03 

0.29 

0.032 

II 

11.42 

4.7 

0.9 

98.70 

1.30 

0.96 

0.34 

0.074 

III 

11.57 

4.0 

*0.7 

98.84 

1.16 

0.73 

0.43 

0.146 

12.35 

1 50  c.c.  b 

urgundy  in 

ected  into 

stomach. 

IV 

12.41 

4.9 

0.8 

98.72 

1.28 

0.91 

0.37 

0.092 

V 

12.59 

5.5 

0.6 

98.78 

1.22 

0.87 

0.35 

0.096 

VI 

1.29 

4.7 

0.7 

98.91 

1.09 

0.82 

0.27 

0.071 

2.00 

200  c.c.  b 

urgundy  in 

ected  into 

stomach. 

VII 

2.06 

4.7 

0.6 

98.88 

1.12 

0.82 

0.30 

0.058 

VIII 

2.32 

•    •    •    • 

•    •    •    • 

98.98 

1.02 

0.69 

0.33 

0.099 

Dog  killed;  stomach  contents  =  190  c.c. ;  claret  color;  mucosa  not  inflamed.  Contents 
contained  13.1  grams  of  alcohol.    The  burgundy  used  contained  5.2  per  cent  of  alcohol. 

Experiments  of  the  character  indicated  by  these  protocols  were  car- 
ried out  with  alcohol  in  varying  doses,  whiskey,  brandy,  and  wine, 
and  control  experiments  with  water  were  also  made.  In  attempting 
to  interpret  the  analytical  data  thus  obtained  in  experiments  extend- 
ing over  several  hours  it  is  necessary  to  bear  in  mind  facts  regarding 
salivary  secretion  which  seem  to  be  sufficiently  established.  Lud- 
wig  ^  showed  that  the  submaxillary  saliva  secreted  during  stimulation 
of  the  chorda  tympani  undergoes  a  change  in  composition  varying 
with  the  duration  of  the  flow,  the  content  of  organic  solids  decreas- 
ing in  far  greater  degree  than  the  dissolved  salts.  Heidenhain^ 
found  that  the  percentage  of  salts  in  the  saliva  varies  directly  with 
the  rate  of  secretion,  quite  independently  of  the  state  of  the  gland, 
the  organic  constituents,  however,  being  influenced  by  the  condition 
of  the  secreting  organ  as  well  as  by  the  strength  of  stimulus  and 

1  LuDWiG  and  Becher:  Zeitschr.  f.  rat.  Med.,  1851,  N.  F.  i,  p.  278.  Cf.  also 
Heidenhain  :  Hermann^s  Handbuch  der  Physiologic,  v,  pp.  47-49. 

2  Heidenhain  :  Archiv  fur  die  ges.  Physiol.,  1878,  xvii,  pp.  4  and  6. 
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12,  iv,  1897.     Bitch.    Weight  9  kilos.      Chloroform  and  ether  during  operation.     Dis- 
tance of  secondary  coil  =  190  mm.    Stimulation  i  min.,  followed  by  a  pause  of  2  min. 


I 
II 

III 
IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 


Time. 


9.24 

9.40 

10.40 

10.53 

11.21 

11.50 

11.56 

12.25 

12.51 

1.18 

123 

1.44 

2.03 

2.25 


Amount 

saliva 

collected 

C.C. 

Rate  of 

secretion 

per  min. 

c.c. 

Water, 
per  cent. 

Total 
solids. 

per  cent 

4.5 
4.6 

0.9 
0.7 

98.76 
98.89 

1.24 
1.11 

Organic 
matter. 

per  cent. 


0.97 
0.81 


ICO  c.c.  distilled  water  injected  into  stomach. 


4.7 
5.0 


0.6 
0.5 


ICO  c.c.  distilled  wa 


4.5 


99.04 
99.09 


0.96 
0.91 


0.66 
0.60 


er  injectea  into  stomach. 


4.5 
4.6 


0.5 

9930 

0.70 

0.6 

99.33 

0.67 

0.7 

99.39 

0.61 

0.54 
0.36 


0.36 
100  c.c.  50  per  cent  alcohol  injected  into  stomach. 


5.7 
4.8 
4.7 
4.7 


0.7 
0.8 
0.7 
0.6 


99.35 
99.38 
99.47 
99.47 


0.65 
0.62 
0.53 
0.53 


0.36 
032 
0.29 
0.22 


Salts, 
per  cent. 

0.27 
0.30 

0.30 
031 

0.16 
0.31 
0.25 

0.29 
0.30 
0.24 
031 


Chlorine 
per  cent. 


0.062 
0.054 

0.049 
0.060 

0.024 
0.078 
0.063 

0.067 
0.087 
0.087 
0.097 


Dog  killed.    Stomach  mucosa  normal.    Contents  =  100  c.c    No  odor  of  alcohol. 

resulting  rate  of  secretion.  These  observations,  verified  by  Werther  ^ 
and  by  Langley  and  Fletcher,^  have  been  extended  by  the  latter 
investigators,  who  formulated  the  opinion  that  *'  the  secretion  of 
organic  substances  depends  wholly,  or  almost  wholly,  upon  the 
strength  of  the  stimulus,  whilst  the  secretion  of  water  and  of  salts 
depends  also  upon  the  amount  of  blood  flowing  through  the  gland.*' ''^ 
In  view  of  the  well-known  fact  that  changes  in  the  strength  of  the 
stimulus  immediately  bring  about  a  change  in  both  rate  of  secretion 
and  composition  of  the  saliva,  we  have  attempted  to  maintain  a  con- 
stant stimulus  throughout  each  series  of  observations  by  selecting 
some  satisfactory  distance  of  the  secondary  coil  of  the  inductorium 
and  by  applying  the  electrodes  as  uniformly  as  possible.     Owing  to 

*  Werther  :  Archiv  f.  d.  ges.  Physiol.,  1886,  xxxviii,  p.  293. 

*  Langley  and  Fletcher:  loc,  cit.^  p.  152.  •  /^/V/.,  p.  132. 
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the  gradual  decline  in  the  irritability  of  the  exposed  nerve,  the 
impossibility  of  applying  the  electrodes  constantly  in  one  position, 
and  other  unavoidable  difficulties,  ideal  results  cannot  be  obtained. 
However,  the  difficulties  were  present  in  every  experiment  and  the 
results  are  therefore  more  or  less  comparable. 

An  examination  of  the  data  obtained  in  the  manner  above  indi- 
cated shows  no  constant  appreciable  influence  of  alcohol  or  alcoholic 
fluids  upon  the  rate  of  secretion  of  submaxillary  (or  sublingual)  saliva 
under  the  influence  of  a  constant  external  stimulus.  Even  large 
doses  of  alcohol,  sufficient  to  produce  prolonged  narcosis,  fail  to 
check  the  salivary  flow,  a  result  in  striking  contrast  to  the  efiects 
which  morphine  may  bring  about  when  used  in  moderately  large 
doses.  We  have  not  infrequently  observed,  in  other  experiments, 
an  entire  absence  of  salivary  flow  even  with  very  strong  stimuli, 
when  morphine  was  unintentionally  given  in  doses  larger  than  were 
necessary  to  produce  a  mild  narcosis.  On  the  other  hand,  there 
is  likewise  an  absence  of  any  stimulating  action  on  the  glands,  in 
our  experiments;  at  least  the  slight  variations  in  the  rate  of  flow 
after  alcohol  is  administered  are  no  greater  than  those  brought 
about  by  water  alone  (cf.  third  protocol  above).  On  the  total 
solids  likewise,  the  presence  of  alcohol  seems  to  exercise  no  notice- 
able influence.  There  is  a  tendency  toward  decrease  in  amount  as 
the  experiments  progress ;  this  decrease,  however,  is  entirely  con- 
fined to  the  organic  constituents  of  the  saliva,  the  salts  remaining 
comparatively  constant  in  amount,  as  can  be  seen  in  the  protocols 
above.  The  decrease  in  organic  substances  is  in  no  way  to  be 
attributed  to  alcohol,  since  it  may  be  obtained  with  water  alone 
(cf.  protocol  third),  or  in  the  course  of  any  protracted  salivary  secre- 
tion. Nor  is  this  decrease  remarkable  when  it  is  remembered  that 
a  small  gland  weighing  a  few  grams  has  furnished  50  to  75  grams 
of  saliva  in  the  course  of  three  or  four  hours.  The  organic  consti- 
tuents of  the  cells  must  thus  be  exhausted  somewhat  more  rapidly 
than  the  anabolic  processes  of  the  gland  can  replace  them,  while 
the  salts  are  obtained  with  relative  ease  from  the  blood.  Any 
effect  upon  the  secretion  of  inorganic  salts  such  as  might  result  in 
accordance  with  Langley  s  law  (cf.  p.  173)  was  not  obser\'ed.  A  large 
number  of  determinations  of  the  alkalinit>'  of  the  saliva  (towards 
lacmoid)  likewise  failed  to  show  any  constant  relations.  It  is  inter- 
esting in  this  connection  to  note  that  the  submaxillary  saliva  of  the 
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dog  was  always  found  alkaline  to  phenolphthalein,  litmus,  lacmoid, 
and  methylorange.  Mixed  human  saliva,  like  the  bile  of  a  number 
of  animals,  is  almost  always  acid  toward  phenolphthalein.^ 

Gastric  Secretion. 

It  has  already  been  pointed  out  that  in  an  accurate  and  complete 
study  of  the  influence  of  alcohol  and  alcoholic  drinks  upon  gastric 
digestion,  no  single  line  of  experimentation  can  lead  to  full  and  con- 
cise results  covering  the  whole  ground  of  inquiry.  It  was  therefore 
deemed  advisable,  for  experimental  purposes,  to  study  the  subject 
under  several  distinct  heads,  as  (i)  the  influence  of  alcohol  and  alco- 
holic drinks  upon  the  process  of  secretion ;  (2)  upon  the  processes 
of  absorption ;  (3)  upon  the  motor  functions  of  the  alimentary  canal ; 
and  (4)  upon  the  purely  chemical  processes  of  gastric  digestion. 
The  last  phase  has  already  been  considered  at  some  length.^ 

The  older  announcements  regarding  the  influence  of  alcohol  are 
summarized  in  the  statement  that  it  is  a  strong  stimulant  of  gastric 
secretion,  and  alcohol  is  recommended  as  a  means  of  obtaining  gas- 
tric juice  from  fistulae  in  animals.*  Larger  doses  are  regarded  as 
detrimental  to  the  stomach,  giving  rise  to  transudation  of  alkaline 
fluid,  —  a  process  evidently  pathological.*  Gluzinski  ^  found  in  ex- 
periments on  man  with  brandy  and  dilute  alcohol  that  these  liquors 
gave  rise,  after  a  brief  preliminary  period,  to  the  formation  of  a  very 
active  secretion  rich  in  hydrochloric  acid. 

Likewise  Wolff*  states  that  cognac  in  small  doses  increases  the 
secretion  of  hydrochloric  acid,  while  in  larger  quantity  it  decreases 
the  acidity  of  the  gastric  juice  and  retards  peptone  formation.  The 
stomach  fails  to  respond  in  a  positive  way,  however,  after  the  con- 
tinued use  of  alcohol.     While  Klemperer  ^  failed  to  note  more  than 

'  Chittenden  :  The  reactions  of  some  animal  fluids.    Science,  N.  S.,  v,  p.  902. 

*  Chittenden  and  Mendel  :  loc,  cit. 

*  Cf.  Frerichs:  Wagner's  Handworterbuch  der  Physiologie,  1846,  iii,  {\\  p. 
788;  KChne:  Lehrbuch,  pp.  28,  30;  Heidenhain:  Hermann's  Handbuch  der 
Physiologie,  v,  p.  115. 

*  Cf.  Heidenhain:  loc.  cit.;  Lauder  Brunton:  Disorders  of  digestion,  1886, 
p.  144. 

*  Gluzinski:  Deutsches  Archiv  f.  klin.  Med.,  1886,  xxxix,  p.  405.  See 
Jahresbericht  fiir  Thierchemie,  1886,  xvi,  p.  263. 

^  Wolff  :  Zeitschr.  f.  klin.  Med.,  1889,  xvi,  p.  222;  Jahresbericht  f.  Thier- 
chemie, 1889,  xix,  p.  266. 

■^  Klemperer:  Zeitschr.  f.  klin.  Med.,  1890,  xvii,  Supp.,  p.  324;  Centralbl.  f. 
med.  Wissen.,  1891,  p.  751. 
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a  very  slight  increase  in  secretion  resulting  from  moderate  doses  of 
alcohol,  Blumenau^  observed  that  25-50  per  cent  alcohol  introduced 
into  th€  healthy  human  stomach  acts  as  a  secretory  stimulant,  bring- 
ing about  an  increased  flow  of  gastric  juice  with  rise  of  acidity  after 
a  period  of  2-3  hours.  More  recently  Brandl  ^  has  found  in  experi- 
ments on  fistulous  dogs  that  alcohol  —  as  contrasted  with  water 
introduced  with  food  stuffs  into  the  stomach  —  brings  about  an  un- 
failing, though  not  particularly  large,  increase  in  gastric  secretion. 
With  repeated  and  increasing  doses  of  alcohol,  Haan^  has  further 
observed  an  augmentation  of  acidity  in  the  dog,  followed  by  a  di- 
minution in  the  amount  of  secretion  and  a  gradual  decline  in  acidity 
after  several  doses. 

In  our  first  series  of  experiments  on  gastric  secretion,  attention  was 
directed  to  the  volume  and  acidity  resulting  from  the  introduction  of 
alcoholic  fluids  into  the  stomach,  independently  of  any  stimulating 
action  due  to  food  simultaneously  introduced.  Dogs  in  fasting  con- 
dition were  employed  in  every  instance,  and  morphine  sulphate  (in- 
troduced subcutaneously)  followed  by  chloroform-ether  was  used 
preparatory  to  operative  interference.  The  method  consisted  in  li- 
gating  the  duodenum  just  beyond  the  pylorus  and  then  introducing  a 
definite  volume  of  the  fluid  to  be  examined  into  the  empty  stomach 
in  the  manner  already  indicated  in  previous  experiments.  In  several 
cases,  dogs  with  gastric  fistulas  were  employed.  The  abdomen  was 
quickly  sewed  up  after  this  operation,  chloroform-ether  stopped, 
and  the  animal  allowed  entire  freedom  of  movement.  The  liquid 
employed  was  ordinarily  warmed  gently  to  avoid  the  asserted  stim- 
ulating action  of  cold  fluids  on  the  gastric  mucosa.*  Ligations  of 
the  oesophagus  and  oesophageal  fistulae  were  avoided,  since  a  some- 
what extended  experience  with  gastric  fistula  dogs,  as  well  as  the 
experiments  about  to  be  described,  have  convinced  us,  in  agreement 
with  Heidenhain's  observations,^  that  under  ordinary  circumstances, 
/.  ^.  in  the  absence  of  unusual  stimuli  (and  with  slightly  narcotized 
animals)  the  amount  of  saliva  secreted  is  small  at  most,  and  fails  to 
induce  any  pronounced  secretion  in  the  stomach.^     Further,  we  have 

*  Blumenau:  Therapeutische  Monatshefte,  1890,  v,  p.  504;  Jahresbericht  f. 
Thierchemie,  1891.  xxi,  p.  212. 

2  Braxdl:  Zeitschr.  f.  Biologic,  1892,  xxix,  p.  304. 

^  Haax  :  Comptes  rendus  de  la  socidt^  de  biologic,  1895,  ii,  p.  817. 

*  Cf.  KOhne  :  Lehrbuch  dcr  physiol.  Chemic,  p.  28. 

•  Hermann's  Handbuch,  v,  p.  112. 

•  Compare  also  the  experiment  described  on  page  168. 
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found  that  an  unusual  flow  of  saliva  is  at  once  readily  detected  by  the 
physical  character  of  the  stomach  contents,  e,  g,  frothing,  etc.  Fur- 
thermore, the  conditions  of  our  experiments  were  intended  to  ap- 
proach those  normally  obtaining  in  the  body  as  nearly  as  possible ; 
and  finally,  a  sufficient  number  of  control  experiments  in  which  water 
was  introduced  into  the  stomach,  have  left  no  doubt  as  to  the  validity 
of  the  method.  At  the  end  of  three  to  four  hours  —  a  period  shown 
by  our  experiments  to  cover  the  digestion  time  of  a  test  meal  for  the 
dog — the  animal  was  bled  to  death,  the  oesophagus  ligated  at  the  lower 
end,  the  stomach  removed  from  the  body,  wiped  free  from  blood,  and 
the  contents  discharged  into  a  graduated  vessel.  In  the  fluid  thus 
obtained  total  acidity,  free  and  combined  HCl,  and  acid  reacting 
salts  were  determined  by  the  method  of  Topfer ;  ^  alcohol  was  esti- 
mated, when  present,  in  the  distillate  from  a  definite  portion  of  the 
gastric  contents,  by  the  pycnometer  method ;  total  solids  were  deter- 
mined by  drying  a  weighed  quantity  of  fluid  in  a  tared  crucible  at 
100-105  C°.     Protocols  follow:  — 

A.  Control  Experiments  with  "Water :  — 

I.    31  V,  1897.    Dog,  with  gastric  fistula,  well  healed.   Weight  21  kilos.   Fluid  removed 

completely  through  fistula. 

Introduced  200  c.c.  distilled  water  at  10  50  A.  M. 
Contents  removed  at  1.55  p.  m.  =  3^^  hrs. 

Volume  of  fluid  recovered  from  stomach  =  160  c.c.  =  80  per  cent  of  original  volume. 
Analysis  of  the  contents  gave : 

Total  acidity 0203  per  ccnt.« 

Free  HCl     ........  0.192 

Loosely  combined  HCl     .    .    .  0.002 

Salts 0.009 

Total  solids 0.624 

n.    28  vi,  1897.    Dog,  with  gastric  fistula,  well  healed.    Weight  25  kilos.  Fluid  removed 

completely  through  fistula. 

Introduced  135  c.c.  distilled  water  at  11  A.  M. 
Contents  removed  at  1.45  P.  M.  =  2|  hrs. 

Volume  of  fluid  recovered  from  stomach  =  110  c.c.  =  81  per  oent  of  original  volume. 
Analysis  of  the  contents  gave : 

Total  acidity 0.274  per  cent. 

Free  HCl 0.241 

Loosely  combined  HCl     .    .     .  0.018 

Salts 0.015 

Total  solids 0.77 

I  T6PFER:  Zeitschr.  f.  physiol.  Chemie,  1894,  xix,  p.  104. 
*  Expressed  as  HCl  in  all  the  experiments. 
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III.     24  V,  1897.   Dog.   Weight  7.7  kilos. 

Introduced  125  c.c.  distilled  water  at  10  A.  M. 
Contents  removed  at  1.50  P.  .M.  =  3}  hours. 
Volume  of  fluid  recovered  from  stomach  =  114  c.c.  =91  per  oent  of  original  volume. 

Analysis  of  the  contents  gave : 

Total  acidity 0.094  per  cent. 

Free  HCl 0.065 

Loosely  combined  11  CI      .    .  0.004 

Salts 0.025 

Total  solids 0.47 


IV.     29  v,  1897.     Dog.     Weight  14.5  kilos. 

Introduced  200  c.c.  distilled  water  at  9.30  A.  M. 
Contents  removed  at  1.15  P.  M.  =  3}  hrs. 
Volume  of  fluid  recovered  from  stomach  =  206  c.c.  =  108  per  eent  of  original  volume.^ 

Analysis  of  the  contents  gave  : 

Total  acidity 0.047  per  cent. 

Free  HCl 0.040 

I>oosely  combined  HCl .    .    .  0.004 

Salts 0.003 

Total  solids 0.50 

V.    2  vi,  1897.    Dog.     Weight  10.5  kilos. 

Introduced  125  c.c.  carbonated  water  at  9  A.  M. 
Contents  removed  at  12.45  P.  M.  =  3J  hrs. 
Volume  of  fluid  recovered  from  stomach  =  125  c.c.  =  100  per  oent  of  original  volume. 

Analysis  of  the  contents  gave  : 

Total  acidity 0.191  per  cent. 

Free  HCl 0.152 

Loosely  combined  HCl     .    .  0.014 

Salts 0.025 

Total  solids 0.55 

In  this  experiment  the  CO.2  was  completely  absorbed. 

VI.     1  vii,  1897.     Dog.     Weight  10  kilos. 

Introduced  76  c.c.  of  2  per  cent  dextrose  solution  at  9.10  A.  M. 
Contents  removed  at  12.40  P.  M.  =3i  hrs. 
Volume  of  fluid  recovered  from  stomach  =  68  c.  c.  =90  per  oent  of  original  volume. 

Analysis  of  the  contents  gave  : 

Total  acidity 0.072  per  cent. 

Free  HCl 0.047 

Loosely  combined  HCl      .    .  0.007 

Salts 0.018 

^  A  small  quantity  of  saliva  doubtless  found  its  way  into  the  stomach,  as  the 
dog  salivated  somewhat  at  the  beginning  of  the  operation  and  the  stomach  contents 
had  a  frothy  appearance. 
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B.  Ezperlments  with  strong  Ethyl  Alcohol :  — 

VII.     17  V,  1897.    Dog.    Weight  23  kilos. 

Introduced  200  c.c.  of  37  per  cent  alcohol 2X  10.45  a.  m. 
Contents  removed  at  2.15  p.  m.  =  3i  hrs. 
Volume  of  fluid  recovered  from  stomach  =407  c.c.  =  203  per  oent  of  original  volume. 

Analysis  of  the  contents  gave  : 

Total  acidity 0.164  per  cent. 

FreeHCl 0.112 

Loosely  combined  HCl      .    .  0.043 

Salts 0.009 

VIII.    31  V,  1897.    Dog.     Weight  21  kilos.    Gastric  fistula  well  healed. 

Contrast  experiment  with  water  and  alcohol. 

a.    The  first  part  of  this  experiment  has  been  described  under  I.  p.  177. 
/3.    After  discharge  of  previous  stomach  contents  completely  through  fistula,  200  c.c. 
37}  per  cent  alcohol  wqtq  introduced  into  the  stomach  through  fistula  at  1.55  P.  m. 
Contents  removed  at  5  p.  m.  =  3^^  hrs. 
Volume  of  fluid  recovered  from  stomach  =  4^  c.c.  =  280  per  oent  of  original  volume.* 

Analysis  of  the  contents  gave  : 

Total  acidity 0.220  per  cent. 

FreeHCl 0.164 

Loosely  combined  HCl      .    .  0.011 

Salts    . 0.045 

Total  solids 0.987 

C.  Ezperiments  with  weak  (5  per  oent)  Ethyl  Aloohol :  — 

IX.     24  vi,  1897.     Bitch.     Weight  8  kilos. 

Introduced  100  c.c.  5  per  cent  alcohol  at  10.45  a.  m. 
Contents  removed  at  2  p.  m.  =  3}  hrs. 
Volume  of  fluid  recovered  from  stomach  =  110  c.c.  =  110  per  oent  of  original  volume. 

Analysis  of  the  stomach  contents  gave : 

Total  acidity 0.119  per  cent. 

Free  HCl 0086 

Loosely  combined  HCl .    .    .      0.011 

Salts 0022 

Total  solids 0.69 

X.    8vi,  1897.    Bitch.    Weight  7.3  kilos. 

Introduced  110  c.c.  4.8  per  cent  alcohol  2X  9  A.  M. 
Contents  removed  at  12.45  p.  m.  =  3f  hrs. 
Volume  of  fluid  recovered  from  stomach  =  135  c.c.  =  128  per  oent  of  original  volume. 

Analysis  of  the  stomach  contents  gave : 

Total  acidity 0.202  per  cent. 

Free  HCl 0.148 

Loosely  combined  HCl      .    .      0.021 
Salts 0.033 

*  A  post-mortem  examination  showed  that  the  stomach  contents  could  be  com- 
pletely discharged  through  the  fistula  by  the  method  adopted. 
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The  results  of  the  foregoing  experiments,  expressed  in  percentages, 
are  combined  in  the  following  table. 


A. 

With 
water. 

Relative  volume  of 

tluid  at  end  of 

experiment. 

Total 
*  acidity. 

Loasely 

combined 

IICl. 

Free  HCl. 

Salts. 

Total 
solids. 

I 

11 

III 

IV 

V 

VI 

80 
81 
91 
103 
100 
90 

0.203 
0.274 
0.09* 
0.047 
0.191 
0.072 

0.002 
0.018 
0.004 
0.004 
0.014 
0.007 

0.192 
0.241 
0.065 
0.040 
0.152 
a047 

0123 

0.009 
0.015 
0.025 
0.003 
0.025 
0.018 

0.62 
0.77 
0.47 
0.50 
0.55 

•    •   •   • 

Average. 

908 

0.147 

0.008 

0016 

0.58 

B. 

With 

strong 

alcohol. 

Relative  volume  of 

fluid  at  end  of 

experiment. 

Total 
acidity. 

Loosely 

combined 

HCl. 

Free  HCl. 

Salts. 

Total 

solids. 

VII 
VIII 

203 
230 

0.164 
0.220 

0.043 
0.011 

0.112 
ai64 

0.009 
0.(H5 

•    •    •    • 

0.99 

Average. 

216.5 

0192 

0.027 

0.138          0.026 

0.99 

C. 

With  weak 
alcohol. 

Relative  volume  of 

fluid  at  end  of 

experiment. 

Total 
acidity. 

Ix)osely 

combined 

HCl. 

Free  HCl. 

Salts. 

Total 
solids. 

IX 
X 

110 
123 

0.119 
0.202 

0.011 
0.021 

0.086 
0.148 

0.022 
0.033 

0.027 

0.69 

•    •    •    • 

Average. 

116.5 

0.160 

0.016 

0.117 

0.69 

A  glance  at  the  data  presented  leaves  little  doubt  as  to  the  pro- 
nounced stimulating  action  of  pure  ethyl  alcohol  upon  gastric  secre- 
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tion,  even  with  solutions  of  only  five  per  cent  strength.  The  effect  is 
not  merely  one  characterized  by  the  discharge  of  water  into  the 
stomach  cavity,  but  gives  evidence  of  a  true  secretory  process.  Thus, 
the  volume  of  fluid  found  after  introduction  of  water  into  the  stomach 
is  not  increased,  there  being  rather  a  tendency  in  the  opposite  direc- 
tion. Edkins,  ^  v.  Mering,  ^  and  others  have  shown  that  the  absorption 
of  water  from  the  stomach  is  practically  nil,  while  the  absorption  of 
alcohol  goes  on  quite  rapidly.  In  our  own  experiments,  the  alco- 
hol used  had  entirely  disappeared  from  the  stomach  in  the  course  of 
the  experiments ;  the  question  of  absorption  will,  however,  be  referred 
to  in  another  connection.  With  five  per  cent  alcohol  the  increase  in 
the  volume  of  the  gastric  contents  is  noticeable,  becoming  very  pro- 
nounced with  the  stronger  percentages  of  alcohol.  The  increase  in 
total  solids  gives  confirmation  of  stimulated  secretion,  as  does  also 
the  increase  in  acidity.  It  must  be  remembered,  further,  that  the  in- 
crease in  acidity  shown  by  the  figures  is  a  relative  one ;  expressed 
absolutely  in  grams,  the  total  acid  secreted  is  obviously  increased  in  far 
greater  degree  than  the  percentage  figures  indicate.  The  specific 
action  of  alcohol  is  strikingly  shown  in  Experiment  VIII.,  in  which 
the  conditions  permitted  of  comparative  experiments  with  water  and 
alcohol  on  the  same  animal,  with  the  following  results :  — 

COMPARISON  OF  THE  TWO  EXPERIMENTS   (VIII.  a, /3.). 


Fluid  introduced 
in  stomach. 

Fluid  recovered 
from  stomach 
after  3  hours. 

Relative 
volume. 

Total 
acidity. 

Free 
HCl. 

Loosely 

combined 

HCl. 

Salts. 

Total 
solids. 

200  C.C.  water 

200c.c.  alcohol ) 
(371  per  cent.)  ) 

160  c.c. 
460  c.c. 

80 
230 

a203 
a220 

0.192 
0.164 

0.002 
0.011 

0.009 
0.045 

0.624 
0.987 

A  comparison  of  the  proteolytic  activity  of  the  two  secretions  by 
Griitzner's  carmine-fibrin  method  showed  a  decidedly  greater  diges- 
tive power  in  the  case  of  the  "  water  "  secretion.  Much  stress  cannot 
be  placed,  however,  on  a  single  experiment.  The  gastric  fluids  ob- 
tained in  the  experiments  with  alcohol  possessed  strong  proteolytic 
properties  in  every  case  examined. 

*  Edkins:  Journal  of  physiology,  1892,  xiii,  p.  445. 

*  V.  Mering:  Verhandlungen  des  XII.  Congresses  f.  innere  Medicin,  Wiesba- 
den, 1893;  Therapeutische  Monatshefte,  1893,  vii,  p.  201. 
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In  view  of  this  pronounced  action  of  alcohol  on  gastric  secretion 
it  seemed  desirable  to  ascertain  something  more  definite  regard- 
ing the  way  in  which  this  process  is  provoked.  The  control  experi- 
ments with  water  gave  evidence  that  the  mere  contact  of  the  fluid 
with  the  stomach  mucosa  could  not  be  the  cause  of  gastric  stimula- 
tion. It  will  be  remembered  that  even  vigorous  mechanical  stimula- 
tion or  irritation  ordinarily  fails  to  yield  more  than  a  few  grams  of 
secretion,^  —  an  observation  in  decided  contrast  to  the  phenomena  of 
gastric  flow  during  the  presence  of  digestible  materials  in  the  stomach. 
The  following  experiments  throw  light  on  the  question  raised :  — 


XL  25  V,  1897.  Dog.  Weight  23  kilos.  The  intestine  was  ligatured  just  beyond  the 
pylorus.  Another  ligature  was  applied  below  the  point  of  entrance  of  the  duct  of 
Wirsung.  20  c.c.  of  GO  per  cent  alcohol  were  injected  into  the  lumen  of  the  intes- 
tine  between  these  ligatures,  while  105  c.c.  of  60  per  cent  alcohol  were  introduced 
into  the  intestine  beyond  the  second  ligature.    Then 

Introduced  200  c.c.  water  into  stomach  at  10.45  A.  M. 
Contents  removed  at  2.30  P.  M.  =  3t  hrs. 

Volume  of  fluid  recovered  from  stomach  =  260  c.c.  =  180  per  oent  of  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0.241  per  cent. 

Free  HCl 0.213 

Loosely  combined  HCl      .     .  0.002 

Salts 0.026 


XII.  28  V,  1897.  Bitch.  Weight  28  kilos.  Intestine  ligatured  just  beyond  the  py- 
lorus. Another  ligature  was  applied  below  the  point  of  entrance  of  the  duct 
of  Wirsung.  125  c.c.  of  60  per  cent  alcohol  were  injected  into  the  lumen  of  the 
intestine  below  the  second  ligature,^  then 

Introduced  200  c.c.  water  into  stomach  at  11  A.  M. 
Contents  removed  at  2.45  p.m.  =  3}  hours. 

Volume  of  fluid  recovered  from  stomach  =  375  c.c.  =  187.6  per  cent  of  original  volume. 

Analysis  of  stomach  contents  gave  : 

Total  acidity 0.333  per  cent. 

Free  HCl 0.306 

Loosely  combined  HCl      .    .  0.004 

Salts 0.023 

Total  solids 0.30 

*  Cf.  TiEDEMANN  and  Gmelin:  Die  Verdauung  nach  Versuchen,  1831,  p.  92  ; 
SCHIFF  :  Lemons  sur  la  physiologic  de  la  digestion,  ii,  p.  244. 

'^  The  return  of  alcoholic  fluid  into  the  stomach  was  thus  absolutely  prevented. 
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SUMMARY   OF   RESULTS   OF  EXPERIMENTS. 


No. 

Relative  volume  of 

fluid  at  end  of 

experiment. 

Total 
acidity. 

Loosely 

combined 

HCl. 

Free 
HCl. 

Salts. 

Total 
solids. 

XI 

XII 

130.0 
187.5 

0.241 
0.333 

0.002 
0.00+ 

0.213 
0.306 

0.026 
a023 

•    •   •    • 

0.30 

Average. 

158.5 

0.287 

0.003 

0.259 

• 

0.024 

0.30 

From  these  data  it  seems  clear  that  a  stimulation  of  the  gastric 
glands  may  take  place,  independently  of  any  direct  gastric  irritation, 
in  consequence  of  the  influence  of  alcohol  absorbed  from  the  intes- 
tine. The  volume  of  the  fluid  in  the  stomach  increased  relatively  far 
more  than  when  five  per  cent  alcohol  was  introduced  directly  into  the 
stomach  (cf.  Experiments  IX.,  X.,  p.  179).  The  composition  of  the 
fluid  (high  acidity,  free  HCl,  total  solids)  likewise  gives  evidence  of 
active  secretion,  while  the  fluid  was  found  to  be  strongly  proteolytic. 
The  absorption  of  the  alcohol  was  complete  in  these  experiments ; 
and  when  it  is  remembered  how  quickly  alcohol  is  distributed  and 
disappears  in  the  body,  the  actual  amount  reaching  the  gastric  glands 
must  have  been  relatively  small,  or  at  least  must  have  acted  during  a 
brief  period  only.  It  seems  probable,  therefore,  that  there  occurs 
here  an  indirect  stimulation  quite  comparable  to  that  resulting  after 
absorption  of  peptone  from  the  alimentary  tract,  and  it  is  interesting 
to  note  by  way  of  comparison  that  Khigine,^  in  his  experiments  upon 
the  isolated  fundus  of  the  dog,  found  that  the  acidity  of  the  secretion 
after  absorption  of  digestion  products  runs  parallel  to  a  certain  de- 
gree with  the  increase  in  volume.  Whether  the  absorbed  alcohol 
acts  directly  upon  elements  of  the  gastric  mucosa  (Heidenhain*s 
**  secondary  secretion  "),  or  becomes  a  stimulus  to  specific  secietory 
nerve  fibres  (Khigine),  we  are  unable  at  present  to  decide.^ 

In  connection  with  this  **  secondary  *'  secretion  of  gastric  juice  due 
to  the  presence  of  alcohol  in  the  small  intestine,  it  is  to  be  noted  that 
Macfadyen,  Nencki,  and  Sieber  ^  found  among  the  bacteria  normally 

*  Khigine:  Archives  des  sciences biologiques,  St.  Petersbourg,  1895,  iii,  P-46i. 

*  Cf.  Howell:  American  text-book  of  physiology,  1896,  p.  182. 

*  Macfadyen,  Nencki,  and  Sieber  :  Archiv  f.  experimentelle  Pathologie  und 
Phannakologie,  1891,  xxviii,  p.  311. 
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present  in  this  portion  of  the  alimentary  canal  species  which  give  rise 
to  a  production  of  ethyl  alcohol  from  carbohydrates  ingested. 

D.  Experiments  with  Alooholio  Beverages.  —  It  might  naturally  be 
assumed  that  the  action  of  the  various  alcoholic  beverages  on  gastric 
secretion  would  be  similar,  qualitatively,  to  that  of  their  common  con- 
stituent ethyl  alcohol.  Previous  investigation,  however,  has  shown 
that  the  influence  of  these  liquors  on  the  purely  chemical  processes  of 
digestion  is  not  necessarily  proportionate  to  their  content  of  alcohol,^ 
hence  it  seemed  desirable  to  study  the  effect  of  a  number  of  typical 
liquors  on  secretion,  by  the  method  of  the  previous  experiments.  This 
we  have  done  with  the  following  results :  — 

XIIL    21  vi,  1897.    Dog.    Weight  10.7  kilos. 

Introduced  50c.c.  i]ierr7  +  25  c.c.  luater  (14  per  cent  alcohol)  at  10.20  a.  M. 
Contents  removed  at  2.15  p.  m.  =  3^}  hrs. 

Volume  of  fluid  recovered  from  stomach  =  160  c.c  =  818  per  eent  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0.367  per  cent 

Free  HCl a300 

Loosely  combined  HCI      .    .  0.020 

Salts 0.047 

Total  solids 1.72 

XIV.    2vi,  1897.    Dog.    Weight  18.5  kUos. 

Introduced  50  c.c.  whiakey  -h  100  c.c.  vtater  (16  per  cent  alcohol)  at  11.15  a.  m. 
Contents  removed  at  3  p.  M.  =  3f  hours. 

Volume  of  fluid  recovered  from  stomach  =  320  c.c.  =  818  per  oent  original  volume. 
Analysis  of  stomach  contents  gave : 

Total  acidity a382  per  cent. 

Free  HCl 0.346 

Loosely  combined  HCl       .    .  0.011 

Salts 0.025 

Total  solids 0.42 

XV.    3vi,  1897.    Bitch.    Weight  8  kilos. 

Introduced  125  c.c.  Hoehheimer  (133  per  cent  alcohol)  at  10  a.  m. 
Contents  removed  at  1.45  p.  m.  =3}  hrs. 

Volume  of  fluid  recovered  from  stomach  =  140  c.c.  =  118  per  cent  original  volume. 
Analysis  of  stomach  contents  gave  : 

Total  acidity 0.230  per  cent. 

Free  HCl 0.165 

Loosely  combined  HCl      .    .      0.038 
Salts 0.027 

1  Chittenden  and  Mendel:  loc,  cit. 
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XVI.    28  vi,  1897.    Dog.    Weight  25  kilos.    Gastric  fistula  well  healed. 

Contrast  experiment  with  water  and  wine. 

o.    The  first  part  of  this  experiment  has  been  described  under  II.  p.  177. 
/9.    After  complete  discharge  of  previous  stomach  contents  through  the  fistula, 
135  cc.  white  wine  were  introduced  into  stomach  through  fistula  at  1.45  P.  m. 

Contents  removed  at  4.30  p.  m.  =  2}  hrs. 
Volume  of  fluid  recovered  from  stomach  =  170  cc.  =  126  per  oent  original  volume. 
Analysis  of  stomach  contents  gave  : 

Total  acidity 0.425  per  cent. 

Free  HCl 0342 

Loosely  combined  HCl       .    .      0.018 

Salts 0.065 

Total  solids 1.79 


XVn.    23  vi,  1897.    Dog.    Weight  123  kilos. 

Introduced  125  cc.  eUrtt  (5.15  per  cent  alcohol)  at  9.30  a.  m. 
Contents  removed  at  130  P.  M.  =  4  hrs. 

Volume  of  fluid  recovered  from  stomach  =  225  cc.  =180  per  MAt  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0.373  per  cent 

Free  HCl 0324 

Loosely  combined  HCl      .    .  0.025 

Salts 0.024 

Total  solids 1.90 

XVm.     18  vi,  1897.    Bitch.    Weight  10.2  kilos. 

Introduced  100  cc.  Uger  beer  (4  to  5  per  cent  alcohol)  at  10.20  a.  m. 
Contents  removed  at  2.15  P.  M.  =  3H  bours. 

Volume  of  fluid  recovered  from  stomach  =110  cc  =  110  per  Mat  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0357  per  cent. 

Free  HCl 0.241 

Loosely  combined  HCl      .    .  0.064 

Salts 0.052 

Total  solids 9.26 


23  vi,  1897.    Dog.    Weight  10  kilos. 

Introduced  100  cc.  Uger  beer  (4.5  per  cent  alcohol)  at  10.10  a.  m. 
Contents  removed  at  2  P.  M.  =  3i  hrs. 

Volume  of  fluid  recovered  from  stomach  =  125  cc  =  185  per  o«nt  original  volume. 

Analysis  of  stomach  contents  gave  : 

Total  acidity 0.241  per  cent 

Free  HCl 0.169 

Loosely  combined  HCl      .    .  0.032 

Salts QXm 

Total  solids 5.51 
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.     14  vi,  1897.     Dog.     Weight  14  kilos. 

Introduced  150  c.c.  porter  (3.75  per  cent,  alcohol)  at  9.45  A.  M. 
Contents  removed  at  130  P.  M.  =  3J  hrs. 
Volume  of  fluid  recovered  from  stomach  =  195  c.c.=  127  per  cent  original  volume. 

Analysis  of  stomach  contents  gave  : 

Total  acidity 0.371  per  cent. 

FreeHCl 0.320 

lx>osely  combined  HCl     .    .      0.036 

Salts 0.015 

Total  solids 2.19 


7  vi,  1897.    Bitch.    Weight  8.5  kilos. 

Introduced  125  c.c.  lager  beer  (4.7  per  cent  alcohol)  at  10.15  a.  m. 
Contents  removed  at  210  P.  M.  =  3\i  hrs. 

Volume  of  fluid  recovered  from  stomach  =  285  c.c.  =  828  per  cent  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0.378  per  cent. 

Free  HCl 0.308 

Ix)osely  combined  HCl      .    .  0  016 

Salts 0.054 

Total  solids 2  88 

XXII.  14  vi,  1897.     Dog.     Weight  8.2  kilos. 

Introduced  150  c.c.  porter  reiidae  ^  at  11.30  a.  m. 
Contents  removed  at  3.15  p.m.  =3}  hrs. 

Volume  of  fluid  recovered  from  stomach  =  135  c.c.  =90  per  cent  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0352  per  cent. 

Free  HCl 0.280 

Loosely  combined  HCl     .    .  0.014 

Salts 0.058 

Total  solids 2.29 

XXIII.  9  vi,  1897.    Dog.     Weight  10  kilos. 

Introduced  130  c.c.  lager  beer  residue  ^  at  10.30  a.  m. 
Contents  removed  at  2.30  P.  M.  =  4 hrs. 

Volume  of  fluid  recovered  from  stomach  =  175  c.c.  =  134  per  cent  original  volume. 

Analysis  of  stomach  contents  gave : 

Total  acidity 0.346  per  cent. 

Free  HCl 0.270 

Loosely  combined  HCl      .     .  0.038 

Salts 0.038 

Total  solids 6.80 

^  The  residue  left  on  evaporation  of  150  c.c.  porter,  dissolved  in  150  c.c.  dis- 
tilled water. 

'-*  Residue  from  evaporation  of  130  c.c.  beer,  dissolved  in  130  c.c.  water. 
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For  the  sake  of  comparison  these  data  are  contrasted  in  the  follow- 
ing table :  — 


Relative 

volume  of 

fluid  at  end  of 

experiment. 

Total 
acidity. 

Loosely 

combined 

HCl. 

Free 
HCl. 

Salts. 

Total 
solids. 

XIV. 

Whiskey  4-  HjO 
(16%  alcohol) 

213 

0.382 

0.011 

0.346 

0.025 

0.42 

XIII. 

Sherry  -f  H.p      . 
(13%  alcohol) 

213 

0367 

0.020 

0.300 

0.(H7 

1.72 

XV. 

White  wine    .     . 
(13%  alcohol) 

112 

0.230 

0.038 

0.165 

0.027 

•    •    •    • 

XVI. 

White  wine    .     . 
(13%  alcohol) 

126 

0.425 

0.018 

0.342 

a065 

1.79 

XVII. 

Claret    .... 
(10%  alcohol) 

180 

0.373 

0.025 

0.324 

a024 

1.90 

XVIII. 

Beer 

(4.7%  alcohol) 

110 

0.357 

0.064 

0.241 

0.052 

9.26 

XIX. 

Beer 

(4%  alcohol) 

125 

0.241 

0.032 

0.169 

O.CHO 

5.51 

XXI. 

Beer 

(4.7%  alcohol) 

228 

0.378 

0.016 

0306 

a054 

2.88 

XXIII. 

Residue  of  Beer 
(like  XXI.) 

134 

0.346 

ao38 

0.270 

0.038 

6.80 

XX. 

Porter   .... 
(5.3%  alcohol) 

127 

a371 

0.036 

0.320 

0.015 

2.19 

XXII. 

Residue  of  porter 
(like  XX.) 

90 

0.352 

0.014 

0.280 

0.058 

2.29 

These  results  afford  tangible  evidence  of  the  stimulating  action  of 
the  liquors  examined,  as  shown  in  the  increased  volume  of  gastric 
contents,  accompanied  by  increase  in  acidity.  That  alcohol  is  an 
important  factor  in  the  production  of  these  phenomena  seems  cer- 
tain. Contrast,  for  example,  Experiment  XX.  with  XXII.,  which 
differs  only  in  the  absence  of  the  alcohol.  But  the  wines  and 
malted  beverages  contain  a  variety  of  other  constituents  such  as 
organic  acids,^  which  perhaps  contribute  to  increase  the  stimulating 
effect,  and  are  doubtless  partly  responsible  in  a  number  of  experi- 
ments for  the  high  acidity  observed.  The  contrast  bet\veen  the  action 
of  water  and  wine  is  strikingly  shown  in  Experiments  XVI.  a  and  ^ 
carried  out  on  the  same  animal. 

*  Cf.  Chittenden  and  Mendel:  loc,  cit.<,  pp.  56,  80. 
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COMPARISON  OF  THE  TWO  EXPERIMENTS   (XVI.  o,  /3). 


Fluid  introduced 
in  stomach. 

Fluid  removed 
from  stomach 
after  3  hours. 

ReUtive 
volume. 

Total 
acidity. 

Free 
HCl. 

Loosely 

combined 

HCl. 

Salts. 

Total 
solids. 

135  c.c.  water 

135  c.c.  white  \ 
wine         ) 

110  c.c. 
170  c.c. 

81 
126 

a274 
0.425 

0.241 
0.342 

0.018 
0.018 

aoi5 

0.065 

0.77 
1.79 

The  marked  increase  in  total  solids  in  many  of  these 
however,  is  not  to  be  attributed,  as  it  is  in  the  case  of 
entirely  to  the  increased  secretion ;  it  is  rather  in  part 
by  the  unabsorbed  constituents  of  the  liquor  employed, 
ing  table,  compiled  from  analyses  at  hand,  shows  that  a 
of  the  total  solids  in  the  gastric  juices  obtained  may  be 
other  sources  than  the  secretion  itself:  — 


experiments, 
pure  alcohol, 
accounted  for 
The  follow- 
large  portion 
derived  from 


TABLE  SHOWING  TOTAL  SOLIDS  OF  GASTRIC  CONTENTS. 


Nature  of  fluid  introduced 
into  stomach. 

Total  solids  introduced 
into  stomach. 

Total  solids  in  g^tric 

contents  at  end  of 

experiment. 

II.    Water     .    .    . 

IX.    Weak  alcohol      . 

VIII.    Strong  alcohol 

XIV.     Whiskey     .     . 

XVL    White  wine     . 

XVII.    Claret     .    .    . 

0     grams. 

0 

0 

0.15      " 

2.8 

3.9        " 

2.35      *' 

7.0 

9.1 

6.6 

6.6 

0.84  grams. 

0.69     " 

4..S0     •* 

1.34     " 

2.41     " 

4.28     " 

2.78     " 
10.00     « 
11.56     " 

4.16     " 

3.10     " 

XIII.    Sherrv    .    .    . 

XVIII.    Beer  .... 

XXIII.    Beer  residue    .    . 
XX.    Porter    .    .    . 

XXII.    Porter  residue 

E.  Character  of  the  Gastric  Juice  obtained  by  Stimulation  with 
AlcohoL  —  The  gastric  juice  obtained  as  a  result  of  the  stimulating 
influence  of  alcohol  and  alcoholic  liquors  resembles  that  ordinarily 
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procured  from  gastric  fistulae  in  its  physical  characters ;  it  is  a  thin, 
colorless,  or  very  faintly  yellow  fluid  containing  occasional  flocks  of 
mucus  in  suspension.  There  was  no  evidence  of  irritation  or  hyper- 
aemia  of  the  mucosa,  and  all  traces  of  blood  were  absent.  After  the 
doses  used,  the  gastric  lining  was  of  a  pale  or  faintly  pink  color  when 
removed  after  bleeding  the  animal.  When  colored  alcoholic  liquors 
were  employed,  the  gastric  contents  retained  the  characteristic  color- 
ing matter,  the  latter  not  being  absorbed,  while  the  alcohol  entirely 
disappeared.  In  chemical  composition,  the  gastric  juice  appeared 
somewhat  more  acid  than  that  ordinarily  secreted.  It  likewise  con- 
tained a  larger  amount  of  solid  matter,  and  in  harmony  with  this  fact 
the  proportion  of  combined  hydrochloric  acid  was  increased,  which 
in  turn  suggests  the  presence  of  a  somewhat  larger  amount  of  proteid 
or  other  like  matter.  The  fluids  were  repeatedly  tested  with  boiled 
flbrin  for  proteolytic  action,  and  this  was  always  found  vigorous.  In 
the  experiments  in  which  alcohol  was  introduced  directly  into  the 
intestine  (Experiments  XI.,  XII.,  p.  182),  the  intestinal  lining  was  not 
abnormal  in  appearance,  the  reaction  being  alkaline  to  litmus  in  the 
upper  duodenum  and  neutral  or  faintly  alkaline  further  along  the  ali- 
mentary canal.  This  corresponds  with  the  observations  on  the  normal 
reaction  of  the  intestinal  contents  of  the  dog,  by  Moore  and  Rockwood,^ 
whose  statements  we  have  repeatedly  verified. 

Gastric  Digestion. 

Since  chemical,  mechanical,  and  physiological  processes  go  on 
side  by  side  during  digestion,  we  have  carried  out  a  series  of  ex- 
periments to  determine  in  what  way  and  to  what  extent  the  factors 
already  investigated  combine  or  cooperate  under  the  influence  of 
alcohol  and  alcoholic  liquors.  Our  method  has  included  the  ex- 
amination of  the  stomach  contents  after  test  meals  were  given.  The 
statements  current  in  the  literature  on  this  subject  are  by  no  means 
concordant. 

In  experiments  on  a  woman  having  a  gastric  fistula  Krctschy* 
observed  that  alcohol  retarded   digestion.     Buchner^  found  that  in 

*  MooRE  and  Rockwood  :  Journal  of  physiology,  1897,  xxi,  p.  373. 

^  Kretschy:  Deutsches  Arch.  f.  klin.  Med.,  xviii,  p.  527;  Jahresbericht  f. 
Thierchemie,  1876,  vi,  p.  173. 

•  BucuNER :  Deutsches  Arch.  f.  klin.  Med.,  xxix,  p.  537 ;  Jahresbericht  f. 
Thierchemie,  1881,  xi,  p.  286. 
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the  human  stomach  alcohol,  wine,  and  beer  all  retarded  digestion, 
though  not  so  markedly  as  in  artificial  digestion.  Bikfalvi,^  in  ob- 
servations on  dogs,  obtained  a  retardation  of  digestion  with  even 
small  quantities  of  alcohol.  Beer  and  wine  showed  no  favorable 
influence,  the  latter  even  retarding  digestion  when  given  in  large 
quantities.  Ogdta^  states  that  beer,  wine,  and  brandy  retard  gastric 
digestion  noticeably.  Schelhaas  ^  observed  that  in  the  living  stomach 
wine  did  not  retard  digestion  so  long  as  there  was  free  HCl 
present;  pathological  conditions  (carcinoma  ventriculi)  formed  the 
only  exceptions.  In  an  extensive  series  of  experiments,  Gluzinski* 
distinguishes  two  phases  occurring  during  digestion  in  the  stomach  in 
the  presence  of  alcohol,  (i)  a  retardation  of  proteid  digestion,  and 
(2)  secretion  of  a  very  active,  strongly  acid  gastric  juice.  Hencz- 
inski  *  found  no  bad  effect  on  digestion  following  the  use  of  beer. 
Blumenau  ^  states  that  25-50  per  cent  alcohol  introduced  into  the 
healthy  stomach  induces  a  decrease  in  digestive  action  during  the 
first  two  or  three  hours.  Wolffliardt,"  experimenting  on  a  healthy 
man,  concluded  that  1 5-20  grams  of  absolute  alcohol  interfere  with 
proteid  digestion,  while  the  effect  of  cognac  varies  with  the  period  of 
digestion  during  which  it  is  taken ;  he  found  that  wines  tend  to 
promote  digestion. 

With  reference  to  the  motor  functions  of  the  stomach  Lauder 
Brunton  states  that  alcohol  taken  into  this  organ  increases  its  move- 
ments as  well  as  its  secretory  activity,  and  by  mixing  its  contents 
more  thoroughly  with  the  gastric  juice  accelerates  digestion.®  Like- 
wise Klemperer  ^  states  as  a  result  of  his  experiments  that  the  motor 

^  BiKFALVi :  Jahresbericht  f.  Thierchemie,  1885,  xv,  p.  273. 

'-*  OgAta:  Jahresbericht  f.  Thierchemie,  1885,  ^v,  p.  274;  Arch.  f.  Hygiene, 
1885,  iii,  p.  204. 

8  Schelhaas:  Deutsches  Arch.  f.  klin.  Med.,  xxxvi,  p.  427;  Jahresbericht  f. 
Thierchemie,  1885,  xv,  p.  271. 

•  Gluzinski  :  Deutsches  Arch.  f.  klin.  Med.,  1886,  xxxix,  p.  405  ;  Jahresbericht 
f.  Thierchemie,  1886,  xvi,  p.  263. 

^  Henczinski  :    Dissertation,    1886.      Quoted    by    Munk:    Die   Ernahrung, 

P  327. 

•  Blumenau:  Therapeutische  Monatshefte,  1890,  v,  p.  504;  Jahresbericht  f. 

Thierchemie,  1891,  xxi,  p.  212. 

'  Wolffhardt:  Miinchn.  med.  Wochenschr.,  1890,  xxxvii,  p.  608 ;  Centralbl. 
f.  med.  Wissen.,  1891,  p.  47. 

8  Bruxton  :  Disorders  of  digestion,  1886,  p.  146. 

•  Klemperer:  Zeitschr.  f.  klin.  Med.,  1890,  xvii,  Supp.,  p.  324;  Centralbl.  f. 
med.  Wissen,  1891,  p.  751. 
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functions  are  decidedly  increased,  as  measured  by  the  oil  method, 
while  Haan^  has  more  recently  advanced  similar  conclusions  as  the 
result  of  work  by  another  method.  Gluzinski/^  however,  notes  that 
alcohol  diminishes  the  mechanical  action  of  the  stomach  in  moderate 
degree. 

In  considering  the  selection  of  subjects  for  experiment  in  the  direc- 
tion indicated,  preference  has  been  given  to  dogs.  The  series  of 
investigations  on  man  above  referred  to  are  already  extensive,  and 
the  difficulties  of  obtaining  definite  answers  to  specific  questions  by 
this  method  of  experimentation  are  obvious.  It  is  rarely  possible  or 
desirable  to  carry  out  a  large  number  of  determinations  on  any  single 
individual,  while  it  is  likewise  practically  impossible  to  control  the 
physiological  condition  of  the  individual,  /.  e,,  diet,  etc.,  over  prolonged 
periods.  The  animals  used  in  this  research  were  large  dogs  of  21 
and  25  kilos;  gastric  fistulas  were  made,  and  a  German  silver  cannula 
introduced  into  the  fundus  of 
the  stomach.  In  place  of  a 
cork,  metal  stoppers  were  de- 
vised to  screw  into  the  inner 
cannula  tube  by  means  of  a 
small  metallic  key.  The  ar- 
rangement is  shown  in  the  dia- 
gram. The  wounds  healed  perfectly,  and  the  animals  remained  in 
good  health  during  the  entire  period  of  investigation,  covering  several 
months.  Irregularities  of  diet  were  avoided  by  feeding  definite  por- 
tions of  prepared  dog  biscuit  with  water;  this  food  was  eagerly  eaten, 
and  sufficed  to  keep  the  dogs  in  physiological  equilibrium. 

The  determinations  of  the  acidity  of  the  stomach  contents  were  car- 
ried out  according  to  the  method  of  Topfer.®  The  gastric  fluid  was 
occasionally  centrifugalized  when  food  particles  prevented  pipetting 
off  the  fluid  portion.  Where  only  small  quantities  of  fluid  were 
available  the  titrations  with  phenolphthalien  and  dimethylamidoazo- 
benzol  were  combined  in  the  same  5  c.c.  of  fluid  according  to  the 
recommendation  of  Einhorn.^  Comparative  experiments  show  that 
this  modification  gives  the  same  values  as  the  original  method.  Thus 
in  one  experiment :  — 

1  Haan  :  Comptes  rendus  de  la  soci^t^  de  biologic,  1895,  ii,  p.  816. 

*  Gluzinski  :  loc.  cU, 

*  T6PFER:  Zeitschr.  f.  physio!.  Chemie,  1894,  xix,  p.  104. 

*  EiNHORN  :  New  York  medical  journal,  1896,  May  9,  p.  603. 
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Total  acidity  with 
Phenolphthalein, 

Free  HCl  with 
Dimethylamidoazobenzol. 

Tcipfer  method 

(separate  titrations) 

Einhorn-Topfer  method      .     . 
(combined  titration) 

S  1.55  c.c.  j^NaOH 
I  =0.112  per  cent  HCl. 

(                 N 

\  1.55  C.C.  j^NaOH 

(  -  0.112  per  cent  HCl. 

\  l.Occ.  j^NaOH 

I  —  0.072  per  cent  HCl. 

N  1.0  c.c.  JQ-NaOH 

(  =  0.072  per  cent  HCl. 

Our  experience  with  Topfer's  method  (or  Einhorn's  modification) 
leads  us  to  agree  with  P.  Hari  ^  that  in  the  absence  of  free  HCL,  /.  c^y 
when  no  reaction  is  obtained  with  the  dimethylamidoazobenzol  reagent, 
the  quantitative  determinations  of  HCl  by  this  method  cease  to  be 
accurate,  and  under  such  conditions  it  cannot  be  employed.  The 
occurrence  of  such  conditions,  however,  is  not  frequent  in  the  dog ; 
we  have  observed  the  absence  of  free  HCl  (during  digestion)  in  one 
animal  under  circumstances  resembling  those  of  acute  gastric  catarrh.^ 
The  food  —  dog  biscuit — was  largely  undigested  many  hours  after  the 
meal,  the  acidity  was  high  (0.55-0.594  per  cent  expressed  as  HCl), 
and  the  gastric  contents  possessed  an  odor  strongly  suggesting  fatty 
acids.     Lactic  acid  was  found  present  (Uffelmann's  test). 


In  view  of  the  increased  volume  of  fluid  found  in  the  stomach 
when  alcohol  is  introduced  into  that  organ  after  ligation  of  the  py- 
lorus, it  was  of  interest  to  learn  what  results  follow  under  normal 
conditions  of  the  pylorus.  For  this  purpose  20  to  25  per  cent  alco- 
hol, slightly  warmed,  was  introduced  through  the  gastric  cannula, 
and  at  the  end  of  30  minutes  the  gastric  contents  were  discharged 
into  a  graduated  vessel.  Control  experiments  were  made  with  dis- 
tilled water,  both  fluids  always  being  introduced  into  the  empty 
stomach.  This  condition  of  the  organ  is  shown  by  the  lack  of  spon- 
taneous flow  when  the  cannula  is  opened,  as  well  as  by  absence  of 
free  HCl.  Flocks  of  mucus,  alkaline  to  litmus,  are  usually  present. 
The  data  obtained  show  no  marked  agreement,  the  fluid  as  a  rule 

^  Hari,  P. :  Arch.  f.  Verdauungskrankh.,  ii,  pp.  182,  332  ;  Centralbl.  f.  Physiol- 
ogic, 1 896,  X,  p.  73 1  • 

'^  Cf.  V.  Jaksch  :  Klinische  Diagnostik  innerer  Krankheiten,  4te  Auflage, 
p.  200. 
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rapidly  disappearing  from  the  stomach.  In  17  experiments  with 
water,  the  average  relative  volume  recovered  from  the  stomach 
through  the  cannula  at  the  end  of  the  thirty  minutes  after  introduc- 
tion of  quantities  from  40-200  c.c.  was  about  30  per  cent.  Four- 
teen similar  experiments  with  alcohol  gave  an  average  of  45  per  cent. 
It  is  natural  to  ascribe  the  relatively  greater  volumes  found  in  the 
stomach  after  the  use  of  alcohol  to  an  increased  secretion  of  gastric 
juice  occurring  along  with  the  rapid  expulsion  of  fluid  through 
the  pylorus,  and  not  to  a  retardation  of  the  motor  functions ;  for 
current  statements  assume  increased  motility  of  the  stomach  under 
the  influence  of  alcohol,^  while  the  experiments  already  reported 
justify  the  explanation  given.  Much  emphasis  cannot,  however,  be 
placed  upon  the  averages  given  above,  since  the  individual  results 
vary  widely  among  themselves,  and  no  constant  corresponding  varia- 
tions in  acidity  were  observed,  as  in  the  experiments  with  ligated 
pylorus. 

In  the  following  series  of  experiments  test  meals  were  given,  and 
the  influence  of  alcohol  and  a  considerable  number  of  alcoholic  bev- 
erages contrasted  with  that  of  water.  Attention  was  directed  to  (i) 
variations  in  acidity  and  (2)  time  of  digestion.  Fifty  grams  of  finely 
chopped  lean  meat  were  fed  to  the  dog  in  each  experiment,  the 
stomach  having  been  previously  examined  and  found  empty.  Meat 
was  chosen  for  the  test  meal  because  experience  in  this  laboratory 
has  shown  that  its  composition,  when  it  is  obtained  as  described,  does 
not  vary  much  from  time  to  time ;  and  after  a  trial  of  mixed  food, 
e.  g.  dog  biscuit,  it  seemed  more  satisfactory  to  employ  a  sim- 
ple diet  in  which  proteid  preponderated.  Similar  recommendation 
is  made  by  v.  Jaksch  in  considering  test  meals  for  the  human  sub- 
ject.^ Alcoholic  fluids  or  water  were  introduced  slightly  warmed  ^ 
into  the  stomach  through  the  fistula,  since  dogs  usually  refuse  to 
take  the  former  by  way  of  the  mouth.  At  definite  intervals  of  one- 
quarter  to  one-half  hour,  small  quantities  of  gastric  contents  were 
permitted  to  flow  out  of  the  fistula.  Total  acidity  (expressed  as  HCl), 
free  and  loosely  combined  HCl  were  determined  by  the  method  already 
described.  The  process  of  digestion  in  the  stomach  lasted,  under  the 
conditions  described,  about  three  hours,  the  average  duration  varying 

*  Cf.  references  p.  190.  *  v.  Jaksch  :  loc.  cit.,  p.  192. 

*  CL  note  4,  p.  176. 
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somewhat  with  the  animal.^  There  was  no  very  gradual  diminution  of 
undi.ssolved  meat  particles  noticeable  until  toward  the  end  of  this 
period,  when  the  stomach  very  soon  became  empty.  This  corre- 
sponds with  the  observations  of  Kiihne  on  man  and  the  dog,  in  ex- 
periments with  duodenal  fistulae.^  This  investigator  found  only  a 
slight  disappearance  of  contents  from  the  stomach  until  near  the  end 
of  the  digestion  period,  when  the  great  bulk  of  material,  excepting 
larger  pieces  of  food,  was  discharged  at  once  through  the  pylorus. 
Richet  arrived  at  similar  conclusions  in  experiments  on  man.^  We 
have  usually  observed  a  complete  emptying  of  the  stomach  within  a 
period  of  thirty  minutes;  the  conclusion  of  this  process  is  designated 
in  the  notes  as  the  **  end  of  gastric  digestion."  Protocols  of  experi- 
ments follow. 

ANALYSES  OF  ALCOHOLIC  BEVERAGES   USED. 


Alcohol  by 
vol. 

Dry  solids. 

Alcohol  by 
vol. 

Dry  solids. 

per  cent. 

per  cent. 

per  cent. 

per  cent. 

Gin  .... 

51.0 

a29 

Stout    .    .    . 

6.2 

5.4 

Whiskey  .    . 

sao 

0.32 

Claret  .    .    . 

5.2 

3.2 

Sherry .    .    . 

21.75 

4.7 

Porter  .    .    . 

5.3 

4.4 

White  Wine . 

13.32 

2.5 

Beer     .    .    . 

4-5 

7.0 

DOG   A.  —  Weight  25  kUos. 

I.    9.25  A.M.    60  grams  meat  (no  water). 


Total  acidity. 

Loosely 

combimd  HCl, 

Free  HCl. 

9.55 

0.382 

0.292 

0.104 

10.35 

0.425 

0.234 

0148 

11.10 

0.425 

0.220 

0.180 

11.45 

0.407 

0.224 

0.176 

12.15     Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  honn  and  65  minutei . 


^  In  experiments  on  a  man,  with  a  similar  meal,  Jessen  found  the  digestion 
time  equalled  2  to  3  hours.     Zeitschr.  f.  Biologie,  1883,  xix,  p.  149. 
^  KuHNE :  Lehrbuch  der  physiol.  Chemie,  1868,  p.  53. 
*  Richet:  Quoted  in  Gamgee:  Physiological  chemistry,  1893,  ii,  p.  159. 
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n.    9.10  A.M.    50  grams  meat  -f  50  e.e.  water. 


TotcU  acidity. 

Loosely 

combined  HCL 

Free  HCL 

930 

0.241 

0.144 

0.093 

10.00 

0.295 

0.169 

0.108 

ia2o 

0.367 

a216 

0.115 

10.40 

0.439 

0.288 

0.144 

11.30    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  %  hoan  and  90  minntet. 

m.    930  A.M.    50  grams  meat  + 100  e.e.  water. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

10.00 

0.299 

0.173 

0.090 

1030 

0.475 

a230 

0.122 

11.00 

0.518 

0.230 

0.173 

11.15 

0.497 

0.202 

0.241 

1135 

0.494 

0.191 

0.202 

11.50 

0.479 

0.205 

0.195 

12.10 

0.382 

0.194 

0.187 

12.30 

Stomacl] 

I  empty ;  end  of 

g^tric  digestion. 

Time  of 

digestion  =  8  honn. 

IV.    2.10  P.M.    50  grams  meat  + 160  e.e.  water. 

. ANALYSIS  OF  CONTENTS- 


Total  acidity.  Loosely  combined  HCL  Free  HCL 

2.40  0.252  0.137  ai08 

3.10  0374  0.194  0.130 

3.40  0.533  0.245  ai98 

3.55  0.547  0.234  0.234 

4.10  0.490  0.205  0.216 

4.25  0.385                                aiOl 

4.40    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  honn  and  80  minntee. 
V.    9.05  A.M.    50  grams  meat  + 160  e.e.  earbonated  water. 

. ANALYSIS  OF  CONTENTS 


Total  acidity.           Loosely  combined  HCL  Free  HCL 

935                         0.263                               0.083  0.122 

ia05                         0.360                               0.158  0.140 

1035                         0.468                               0.194  0.216 

10.50                        0.486                               0.205  0.216 

11.05                         0.540                               0.234  0.198 

11.25                         0.580                               0.234  0248 
11.45    Stomach  empty;  end  of  gastric  digestion. 

Time  of  digestion  =  8  honn  and  40  minntei. 
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VI.     100  I'.M.    50  grams  meat +  100  e.e.  10  per  oent  aloohoL 

' A.NALYSIS  OF  CONTKNTS- 


TotcU  acidity.            Loosely  combined  HCL  Free  IICL 

2.45                          0.497                                0.209  0.230 

3.10                         0.464                                0.220  0.173 

3.30                         0.436                               0.180  0.202 

3.50                         0.400                               0.162  0.202 

4.10                         0.263                                0.094 

4.30    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  hours  aod  80  minntM. 
VII.    2.30  P.M.    50  grams  meat  4-  50  e.e.  80  per  cent  aloohoL 

. ANALY.SIS   OF  CONTENTS . 


Total  acidity.            Loosely  combined  HCL  Free  HCL 

3.00                         0.313                               0.118  0.090 

3.30                         a374                               0.187  0.176 

4.00                         0.439                                0.1^  0.151 

4.30                         0.515                                 0.205  0.184 

5.00                         0.407                                0.144  0.248 

5.30                         0.2JM                               0.155 

5.30    Stomach  nearly  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  honn. 
VIII.    12.45  P.M.    50  grams  meat  4-  50  c.c.  80  per  cent  alcohol. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

2.30 

0.439 

0.213 

0.158 

2.50 

0.457 

0.191 

0.205 

3.10 

0.493 

0.205 

0.227 

3.30 

0.364 

0.129 

0.187 

3.50    Stomach  practically  empty ;  end  of  gastric  digestion. 
Time  of  digestion  =  8  honrt  and  5  minntei. 

IX.    9.15  A.M.    50  grams  meat  4- 50  c.c.  80  per  cent  aleohol. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

9.40 

0.191 

0.130 

0.058 

10.05 

0.335 

0.155 

0.151 

10.30 

0.421 

0.176 

0.180 

10.50 

0.468 

0.184 

0.201 

11.10 

0.460 

0.165 

0.220 

11.30 

0.410 

0148 

0.220 

11.50 

0.468 

0.195 

0  244 

12.10 

0.417 

0.112 

0.240 

12.30 

0360 

0.086 

0.216 

1.00 

Stomach 

empty ;  end  of 

gastric  digestion. 

Time  of  digestion  =  8  honn  and  45  minntet. 
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Toted  acidity. 

Loosely  combined  HCL 

Free  HCL 

9.30 

0.374 

0.140 

0176 

10.00 

0.432 

0.154 

0.191 

10.15 

0.450 

0.151 

0.198 

10.45 

0.497 

0.187 

0.220 

11.15 

0.533 

0.198 

0.271 

1130 

OJ>55 

0.241 

0.227 

12.00 

0.506 

0.248 

0.173 

12.15    Stomach  empty  ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  hours  and  15  minates. 

XI.    9.00  A.M.    50  grams  meat +  50  e.e.  whiskey +  50  e.e.  water. 


-ANALYSIS  OF  CONTENTS- 


Total  acidity.  Loosely  combined  HCL  Free  HCL 

930  0.252                               0.101  0.119 

10.00  0.392                               0.176  0.176 

10.30  0.403                               ai51  0.191 

11.00  Stomach  empty;  end  of  gastric  digestion. 

Time  of  digestion  =  8  hours. 
Xn.    2.45  P.M.    50  grams  meat +  50  o.c.  whiskey +  50  o.c  water. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

3.15 

0230 

0.076 

o:ii9 

3.45 

0.320 

0.097 

0220 

4.15 

0.468 

0198 

0.212 

430 

0.508 

0.198 

0.198 

4.45 

0.490 

0.184 

0.212 

5.15 

0.569 

0.205 

0.252 

5.45 

Stomach  empty ;  end  of 

gastric  digestion. 

Time  of  digestion  =  8  hours. 

Xm.    1.00  P.M.    50  grams  meat +  50  e.e.  gin +  25  e.e.  water. 


Total  acidity. 

Loosely  combifted  HCL 

Free  HCL 

2.00 

0.439 

0.173 

0.194 

2.30 

0.450 

0.170 

0.197 

2.45 

0.428 

0.158 

0.238 

3.00 

0442 

0.LS4 

0.212 

3.15 

0.410 

0.140 

0.215 

330 

0.420 

0.143 

0.234 

3.45 

0.338 

0.122 

0.180 

4.00    Stomach  empty ;  end  of  gastric  digestion. 
Time  of  digestion  «=  8  hours. 
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9.20  A.M.    50  grams  meat  +  50  e.e.  brandy  +  25  e.e.  water. 

ANALYSIS  OF  CONTENT.S 


Total  acidity.            Loosely  combined  HCL  Free  HCL 

9.50                         0.237                               0.159  0.065 

10.20                         0.368                               a201  ai33 

10.50                         0.465                                0.230  0.205 

11.20                        0.533                               0.267  ai94 

11.40                         0.468                                ai58 

12.00    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  2  honn  and  40  miniitM. 
XV.    2.^0  P.M.    50  grams  meat +150  e.e.  Ufer  bear. 


Total  acidity. 

Loosely  combined  HCL 

Free  HO. 

3.20 

0.2.59 

0.112 

aii5 

3.50 

0.410 

0.205 

0.148 

4.20 

0.518 

0.245 

0.184 

4.35 

0.572 

0.248 

0.230 

4.50 

0.569 

0.252 

0.208 

5.05 

0.547 

0.220 

0.238 

5.20 

0.508 

0.162 

0.211 

5J5 

0.475 

0.162 

0.238 

5..S0 

0.413 

0.115 

0.241 

6.05    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  hours  and  15  minntei. 

XVI.    9.40  A.M.    50  grams  meat  + 150  e.e.  itoat. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

10.10 

0.364 

0.140 

0.187 

10.40 

0.446 

0.166 

0.180 

11.10 

0.555 

0.220 

0.295 

11.40 

0.616 

0.212 

0.302 

12.10 

0.580 

0.266 

0.247 

12.40    Stomach  empty:  end  of  gastric  digestion. 
Time  of  digestion  =  8  hoan. 

XVII  a.    9.15  A.M.    50  grams  meat +  150  e.e.  beer. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

9.45 

0.248 

0.151 

0.082 

10.15 

0.367 

0.201 

0.123 

10.45 

0.457 

0.238 

0.137 

11.20 

0.526 

0.266 

0.209 

11.40 

0.511 

0.213 

0.223 

12.15 

0.465 

0.216 

0.176 

12  30    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  heart  and  15  minatei. 
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XVII  iS.  3.00  P.M.    50  gnuns  meat +  160  e.e.  water. 


-ANALYSIS  OF  CONTENTS- 


Total  acidity.            Loosely  combined  HCL  Free  HCL 

330                         0.227                                0.130  0.090 

4.00                         0.400                                0.209  0.129 

430                         0.522                                0.274  0.158 

5.00                         0.583                                0.310  0.195 

5.15                         0.583                                0302  0.205 

530                          0.446                                 0.209  0.184 

5.45                         0.569                                0.298  0.127 
6.00    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  8  honn . 


XVIII  a.  830  A.M.    50  grams  meat +  50  e.e.  water. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

9.00 

0371 

0.227 

ai26 

930 

0.443 

0.274 

0.144 

10.00 

0.518 

0.252 

0.234 

1030 

0.569 

0.263 

a252 

11.00    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  ==  S  hours  and  SO  miniitit. 


XVIII/3.  2.10  P.M.    50  grams  meat +  100  e.e.  SO  par  eent  aledhoL 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

2.40 

0.234 

aii2 

0.101 

3.10 

0352 

0.165 

0.137 

3.40 

0.490 

0.209 

0.162 

4.10 

a550 

a263 

0.191 

4.40 

a550 

0.245 

0.201 

5.10    Stomach  empty ;  end  of  gastric  digestion. 
Time  of  digestion  =  8  hours. 

XIX  a.  9.00  A.M.    50  grams  meat +  100  e.e.  water. 


Total  acidity. 

Loosely  combined  HCL 

Free  HCL 

9.30 

0324 

0.165 

0.137 

10.00 

0378 

0.198 

0.144 

1030 

0.494 

0.259 

0.169 

11.00 

0.487 

0.220 

0.188 

11.15 

0.457 

0.205 

0.131 

1130    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  S  honn  and  80  minates. 
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XIX /3.  2.30  P.M.    50  grams  meat +  160  e.e.  Uger  betr. 


Total  aadity. 

Loosely  comibirud  HCL 

Free  HCL 

3.00 

0.260 

0.119 

0.137 

3.30 

0378 

0.201 

0.137 

4.00 

0.465 

0.191 

0.188 

4.30 

0.533 

0.223 

a248 

4.45 

0.562 

0.233 

0.306 

5.10 

0.465 

0.223 

0.176 

5.30 

Stomach  empty ;  end  of  gastric  digestion. 
Time  of  digestion  «  8  honrt. 

XX  a.  9.15  A.M.    50  grams  meat +  76  0.0.  iherr7  +  26  c.o.  water. 


Total  acidity. 

Loosely 

combined  HCL 

Free  HCL 

9.45 

0.295 

0.108 

0.155 

10.15 

0331 

0.101 

0.173 

10.45 

0.367 

0.133 

ai87 

11.15 

0.418 

ai.S8 

0.212 

11.30 

0.436 

ai69 

0.216 

11.45 

0.490 

0.191 

0.248 

12.00    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  2  houn  and  46  minatet. 

/3.  2.30  P.M.    50  grams  meat +  160  o.o.  oarbonated  water. 


Total  acidity. 

Loosely 

combined  HCL 

Free  HCL 

3.00 

a238 

0.043 

0126 

3.30 

0360 

0.130 

0.176 

4.00 

0.432 

0.187 

0.169 

4.30 

0.533 

•    •    •   • 

0.169 

4.45    Stomach  empty ;  end  of  gastric  digestion. 

Time  of  digestion  =  2  honra  and  16  minnteo. 


Dog  B.  —  Weight  21  kUos. 
I.    1.45  P.M.    60  grami  meat  (no  water). 


Toted  acidity. 

Loosely 

combined  HCL 

Free  HCL 

2.15 

0353 

0.191 

0.118 

2.40 

0.443 

0.222 

0.180 

3.00 

0.511 

0.227 

0.198 

3.20 

0.525 

0.227 

0.280 

3.45 

0.572 

0.260 

0.209 

4.15 

a568 

0.349 

0.195 

4.45 

Stomach  empty ;  end  of 

gastric  digestion. 

Time  of  digestion  =  8  hoon . 

Influenu  of  Alcoholic  Drinks  upon  Digestion.         201 

11.    9.15  A.M.    50  grams  meat +  50  e.e.  water. 

ANALYSIS  OF  CONTENTS » 


Total  acidity.            Loosely  combined  HCL  Free  HCL 

9.50                         0.302                               0.220  0.082 

10.15                          0.432                                0.223  0.144 

10.45                          a472                                0.201  0.252 

11.15                          a472                                0.144  0.288 

11.35                         0.484                               0.155  0:270 

11.55                         0.453                               0.144  0306 

12.15                          0.407                                0.100  0.241 

1230                        0.400                               0.133  0.234 

12.45                         a306                               0.216 

End  of  gastric  digestion. 

Time  of  digestion  =  8  honrt  and  80  minntei. 

III.    9.15  A.M.    50  grams  meat +  60  o.e.  90  per  OMit  aledhol + water. 

. ANALYSIS  OF  CONTENTS . 


Total  oddity.            Loosely  combined  HCl.  Free  HCL 

9.50                         0.136                               0.086  0.036 

10.15                          0.285                                0.108  0.144 

10.45                         0.479                               0.173  0.244 

11.15                         0.472                               0.177  0.252 

1U5                         0.518                               0.237  0.252 

11.55                         0.486                               0.209 

12.15                         0.421                                0.213 

12.30    Stomach  empty;  end  of  gastric  digestion. 

Time  of  digestion  =  8  hours  and  15  minutes. 

IV*    830  A.M.    50  grams  meat  + 100  e.c.  80  per  eent  aloohoL 

. ANALYSIS  OF  CONTENTS » 


Total  acidity.            Loosely  combined  HCL  Free  HCL 

9.20                         0.324                                0.144 

9.50                         0.493                                0.072 

10.20                        0.641                                0.100 

10.50                         0.547                               a338  0.166 

11.20                         0.588                                0.206 

11.50                         0.544                                0.230 

12.20                         ....                                  .  •  • .  present. 
1230    End  of  gastric  digestion. 

Time  of  digestion  =  8  hours  and  40  minutes. 

V.    2.45  P.M.    50  grams  meat +  75  o.o.  daret. 

. ANALYSIS  OF  CONTENTS . 


Total  acidity.  Loosely  combined  HCL  Free  HCL 

3.15  0396  ai55  0.216 

3.45  0.450  0.238  0.158 

4.15  0.576  0.209 

4.45    End  of  gastric  digestion. 

Time  of  digestion  =»  9  hours. 
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VI  o.  9.15  A.M.    50  grams  meat+lW  0.0.  beer. 

. ANALYSIS  OF  CONTENTS- 


Total  acidity.  Loosely  combined  HCL  Free  HCL 

9.45  0.273  0.144  0.104 

10.15  0J67  0.187  0.155 

10.45  0.46t  0.223  0.194 

11.15  0.616  0J4S  0.256 

11.45  0.501  0.238  0.170 

12.15  0.508  0.151 

12.30  0.533  ....  0.187 

12.45  0468  .   .  •  0.158 

1.00    End  of  gastric  digestion. 

Time  of  digestion  =  8  honn  And  45  miwitM. 

VI  i9.  1.00  P.M.    50  grams  meat  4- 160  c.o.  water. 

/ ANALYSIS  OF  CONTENTS 


Total  acidity.  Loosely  combined  HCL  Free  HCL 

2.00                         0.620  0.282  0201 

2.30                         0.590  0.266  a234 

3.00                        0.666  0J92  a224 

330                        0.627                                0.206 

4.00                         trace. 

4.15    End  of  gastric  digestion. 

Time  of  digestion  =  8  honrt  and  15  miniitee. 


In  the  accompanying  table  the  "  time  of  digestion  "  of  the  experi- 
ments preceding  is  given  in  hours.  The  experiments  marked  a  and 
^  are  strictly  comparable,  as  reference  to  the  protocols  will  show  that 
they  were  carried  out  in  succession  on  the  same  day. 

From  these  results  it  is  apparent  that  the  time  of  digestion  in  the 
stomach  for  the  proteid  test  meal  employed  is  not  greatly  varied 
under  the  influence  of  alcohol.  The  results  obtained  suggest,  how- 
ever, a  tendency  toward  prolongation  of  the  period  during  which  the 
meat  remains  in  the  stomach  when  alcoholic  fluids  are  present.  This 
tendency  is  most  noticeable  in  the  case  of  Dog  A,  and  particularly  in 
those  experiments  which  immediately  succeed  each  other  on  the  same 
day  and  are  therefore  strictly  comparable.  The  differences  are  too 
small,  however,  to  have  any  great  significance.  Retardation  is  per- 
haps more  marked  with  the  malted  beverages,  and  is  apparently  out 
of  proportion  to  the  alcohol  present  With  reference  to  the  changes 
in  the  acidity  of  the  stomach  contents  a  large  number  of  observations 
disclose  no  specific  differences  in  the  various  digestions.     The  varia- 
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TABLE  OF  TIME  OF  DIGESTION  (IN   HOURS). 


Dog  a. 

Dog  6. 

No. 

OS 

• 

0 
< 

Weak  alco- 
holic bev- 
erages. 

Strong  alco- 
holic bev- 
erages. 

No. 

• 

0 

< 

Weak  alco- 
holic bev- 
erages. 

XVII  a      ( 

k.    ■. 

•    •    •    • 

•      •      •      • 

k.     a. 

3    15 

k.     a. 

\ 

k.     a 

I.        k.     a. 

XVII  ^     ) 

3 

•      »      •      • 

I               I 

; 

•    •    • 

■                        «    a    a    • 

I 

2    55 

•      •     •      • 

II             3 

;  30 

•    •    •    < 

1                       •    •    •    a 

II 

2    20 

•      •      •      • 

III 

3    1. 

3                      •     .    .    . 

VII 

■  •  •   • 

3 

IV 

3    4< 

0        

VI 

■  •   •   • 

3    30 

V 

«  •   •   1 

2 

VIII 

•   •   •  • 

3    05 

Via  j 
VIi3  \      I 

•   •  ■  1 

3    45 

IX 

•    •   •   • 

3    45 

.    15 

XVIII  a   ( 
XVIII  ^  \ 

2    30 

.... 

3 

XIV 

• . . . 

. .  •  • 

2    40 

XV 

• .  •  • 

3    15 

•   •  •   • 

XIX  a        ( 

XIX /S       \ 

2    30 

.... 

.... 

3 

XVI 

• . . . 

3 

IV 

2    30 

•   •   •   • 

X 

•   •  •   • 

3    15 

III 

3 

XIII 

■  •   •  • 

3 

• 

XX  a        J 
XX  /3       { 

•   •   •   • 

2    45 

2    15 

. . .  • 

V 

2    40 

•  •  • . 

XI 

■  •   •   • 

2 

XII 

•   •   •   • 

3 

b 

_ 

Average. 

2    40 

3    20 

3    10 

2    40 

3 

•    15 

3    3( 

D       2    52 

tions  are  common  to  all  the  experiments.     They  include  a  gradual 
rise  in  total  acidity  during  approximately  the  first  two  hours  of  diges- 
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tion,  followed  by  a  gradual  decrease  until  the  stomach  becomes  empty ; 
at  this  point  free  HCi  is  absent.  The  combined  HCi  increases  with 
the  progress  of  digestion,  the  products  of  proteolysis  combining  with 
relatively  larger  quantities  of  free  acid.-^  Since  the  secretion  of  acid 
is  continually  progressing  in  the  stomach,  the  percentage  of  free  HCI 
increases  gradually  in  the  course  of  the  digestion,  likewise  decreasing 
rapidly  toward  the  end  of  this  process.  In  agreement  with  our  pre- 
vious statements  relative  to  the  rather  sudden  discharge  of  the  gastric 
contents  into  the  intestine  (p.  194),  an  abrupt  decline  in  acidity  toward 
the  end  of  the  digestion  period  was  frequently  observed.  Evidence 
of  an  **  after  period  "  of  secretion  was  not  obtained.^ 

Disappearance  of  Alcohol  from  the  Stomach. 

It  has  long  been  known  that  alcohol  disappears  rapidly  from  the 
alimentary  canal,  and  even  so  early  as  1847  Bouchardat  and  Sandras 
stated  that  the  absorption  takes  place  from  the  stomach  especially.' 
More  recent  and  conclusive  experiments  in  which  the  pylorus  has 
been  artificially  closed,  have  demonstrated  with  certainty  that  alcohol, 
in  distinction  from  water,  is  readily  absorbed  from  the  stomach.* 
Furthermore,  many  substances  like  sugar,  peptone,  etc.,  are  readily 
absorbed  from  the  stomach  in  the  presence  of  alcohol,  while  their 
absorption  from  the  intestine  is  likewise  accelerated  by  this  sub- 
stance.^ Thus  an  ordinary  dose  of  chloral  hydrate  introduced  in 
watery  solution  into  a  stomach  with  ligated  pylorus  fails  to  bring 
about  narcosis ;  ®  if,  however,  a  quantity  of  alcohol  too  small  of  itself 
to  produce  any  pharmacological  action  be  present,  narcosis  follows, 
just  as  when  the  open  pylorus  permits  the  intestine  to  participate  in 
the  absorption. 

The  complete  disappearance  of  alcohol  from  the  stomach  has  been 
observed  by  us  in  a  large  number  of  experiments  in  which  the  pylorus 

1  Cf.  Chittknden  :  Digestive  proteolysis,  1894,  pp.  53  seq. 

2  Cf.  Gluzinski:  Jahresbericht  f.  Thierchemie,  1886,  xvi,  p.  264. 

*  Bouchardat  and  .Saxdras:  Annales  de  chimie  et  de  physique,  1847,  xxi, 
3  S^rie,  p.  456. 

*  Cf.  for  example,  Taf'PEIXKR  :  Zeitschr.  f.  Hiologie,  i88i,xvi,  p.  497  ;  Braxdl: 
ibid,^  1892,  xxix»  p.  277;  v.  Merixg  :  Jahresbericht  f.  Thierchemie,  1893,  xxiii, 

P-  293. 

*  Cf.  for  example,  J.  v.  ScAXZOXi:  Zeitschr.  f.  Biologie,  1896,  xxxiii,  p.  462. 

^  Cf.  also  experiments  with  strychnine.  Meltzer:  J ourn.  of  exper.  medicine, 
1896,  i,  p.  529. 
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was  ligated.    The  following  results  tabulated  from  the  experiments  on 
secretion  (pp.  179-186),  demonstrate  this  statement:  — 

TABLE   SHOWLXG   ABSORPTION   OF   ALCOHOL   FROM    STOMACH. 


No. 

Weight  of 
dog. 
Kilos. 

Duration 

of 

experiment. 

Volume  of  fluid 

introduced. 

ccm. 

Content  of 

alcohol. 

Per  cent 

by  vol. 

Alcohol  found 

at  end  of 

experiment. 

grams. 

VII 

23.0 

k.    B. 
3    30 

200  (alcohol) 

37.5 

4 

VIII 

21.0 

3    CO 

200(      "      ) 

37.5 

4-5 

IX 

8.0 

3    50 

100  (      "      ) 

5.0 

0 

X 

7.3 

3    45 

no  (    "    ) 

4.8 

0 

XIII 

10.7 

3    55 

75  (sherry) 

21.0 

0 

XIV 

185 

3    45 

150  (whiskey) 

16.0 

0 

XV 

8.0 

3    45 

125  (wine) 

13.3 

0 

XVI 

25.0 

3    00 

135  (    •'    ) 

13.3 

0 

XVII 

12.3 

4    00 

125  (claret) 

.S.15 

0 

XVIII 

10.2 

3    55 

100  (beer) 

4.5 

0 

XX 

14.0 

3    45 

150  (porter) 

3.75 

0 

XXI 

8.5 

3    55 

125  (beer) 

4.7 

0 

The  rapid  discharge  of  watery  or  alcoholic  fluids  from  the  stomach 
through  the  pylorus  has  already  been  referred  to  on  p.  193.  The  re- 
sults are  in  harmony  with  those  obtained  by  v.  Mering  on  dogs  with 
duodenal  fistulae.^  In  his  experiments,  for  example,  500  c.c.  being  ad- 
ministered to  a  large  dog,  490  c.c.  were  expelled  through  the  pylorus 
in  twenty  minutes.  The  rapidity  of  expulsion  was  found  to  depend 
on  the  state  of  repletion  of  the  small  intestine,  —  an  observation  in 
accord  with  the  retarded  evacuation  of  the  stomach  seen  when  food 
is  given  along  with  fluids,  v.  Mering  further  observed  that  when 
water  holding  CO2  in  solution  enters  the  stomach,  the  gas  is  readily 
absorbed ;  ^  alcohol  is  likewise  absorbed,  as  J.  Miller  has  recently  veri- 
fied for  the  human  stomach.^     Ogdta*  found  that  of  6.5-8.8  grams 

*  V.  Mering  :  Quoted  in  Gamgee:  Physiological  chemislr)%  1893,  ii,  pp.  441  seq. 

*  Cf.  also  Experiment  V.,  p.  178. 

*  Miller,  J. :  Arch.  f.  Verdauungskrankh.,  i,  p.  233.  Jahresbericht  f.  Thier- 
chemie,  1895,  xxv,  p.  293. 

*  OgXta  :  Jahresbericht  f.  Thierchemie,  1885,  xv,  p.  274. 
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of  alcohol  introduced  into  the  stomach  in  wine  or  beer,  80-90  per  cent 
disappeared  within  half  an  hour.  In  the  presence  of  soluble  products 
in  the  stomach,  an  excretion  of  water  by  that  organ  is  said  to  result  in 
proportion  to  the  amount  of  substance  absorbed,  —  an  idea  akin  to 
the  one  suggested  in  explanation  of  the  relatively  larger  quantities 
of  fluid  found  in  the  unligated  stomach  soon  after  introduction  of 
alcohol,  as  compared  with  water.  The  experiments  which  we  have 
made  verify  the  statements  of  the  investigators  mentioned,  as  the 
following  data  selected  from  protocols  indicate :  — 

Data  showing  disappearance  of  alcohol  from  unligated  stomach. 

I.  Dog,  with  gastric  fistula. 

a.  3.45  p.  m.  Introduced /o  ex,  20  per  cent  alcohol  mio  stomach. 
4.15      "      Removed  gastric  contents  =  40  r.r.     No  alcohol  founa, 

b.  3.15      "      Introduced  40  C.C.  2j  per  cent  alcohol. 

3.4s      •*      Removed  gastric  contents  =  20  c.c.    No  cUcohol found. 

c.  2.40      "      Introduced  1 2j  c,c.  20  per  cent  alcohol. 

3.10      "      Removed  a  portion  of  gastric  contents.     Free  HCl  = 
0.072  per  cent.   Small  amount  of  alcohol  present. 

II.  Dog  of  18  kilos,  employed  in  a  salivary  experiment.  In  the  course  of 
the  latter  the  animal  received  at  intervals  45  c.c.  absolute  alcohol  di- 
luted with  water.  Two  hours  after  last  portion  was  given  the  stomach 
contents  (200  c.c.)  were  removed.  They  contained  /./  grms. 
alcohol. 

III.  Dog  of  18  kilos.  Salivary  experiment.  At  intervals  were  given  70  c.c. 
absolute  alcohol  diluted  with  water.  One  and  one-third  hours  after  last 
portion  (40  c.c.)  was  given  the  stomach  contents  (350  c.c.)  contained 
g.4  grms.  alcohol, 

IV.  Dog  of  14  kilos.  Salivary  experiment.  140  ex,  absolute  alcohol  ^"^uXjed 
with  water  were  given  in  three  portions.  Three-fourths  of  an  hour  after 
the  last  portion  (50  c.c),  the  stomach  contents  (450  c.c.)  contained 
24,6  grms,  alcohol, 

V.  Dog  of  10  kilos.  Salivary  experiment.  120  ex,  whiskey,  containing 
50  per  cent  of  alcohol,  were  given  in  two  portions.  Four  and  one-half 
hours  after  the  last  portion  (60  c.c.)  the  stomach  contents  (170  c.c). 
contained  2,j  grms.  alcohol, 

VI.  Dog.  Salivary  experiment,  ijs  ex,  brandy,  containing  about  50  per 
cent  of  alcohol,  were  given  in  two  portions.  Two  hours  after  last  por- 
tion (75  c.c),  the  stomach  contents  (240  c.c)  contained  8,8  grms. 
alcohol. 
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VII.  Dog  of  10  kilos.  Salivary  experiment.  350  ex.  wine  containing  5.15 
per  cent  alcohol  were  given  in  two  portions.  One  and  one-half  hours 
after  last  portion  (200  c.c),  the  stomach  contents  (190  c.c.)  con- 
tained j.j*  grms,  alcohol. 

It  is  of  interest  to  note  that  the  large  volumes  of  fluid  (170-450  c.c.) 
found  in  the  stomach  in  Experiments  II.-VII.  correspond  with  the  data  already 
presented  with  reference  to  the  increased  secretion  of  gastric  juice  due  to 
alcohol  and  alcoholic  beverages. 

Summary. 

Some  of  the  more  important  conclusions  to  be  drawn  from  the 
results  of  the  experiments  reported  in  the  preceding  pages  may  be 
advantageously  summarized  here. 

Upon  the  secretion  of  saliva,  the  presence  of  strong  alcohol  or  an 
alcoholic  beverage  in  the  mouth  has  a  direct  stimulating  effect  lead- 
ing to  a  sudden  increase  in  the  flow  of  saliva.  This  acceleration  of 
secretion,  however,  is  of  brief  duration.  The  stimulating  effect  is 
manifested  not  only  by  an  increase  in  the  volume  of  the  secretion, 
but  also  by  an  increase  in  both  organic  and  inorganic  constituents. 
The  effect  produced  is  in  no  sense  peculiar  to  alcohol,  but  is  common 
to  many  so-called  stimulants,  such  as  dilute  acid  (vinegar),  ether- 
vapor,  etc.  Indeed,  the  effect  is  precisely  analogous  to  that  induced 
by  an  increase  in  intensity  of  stimulation,  when  the  salivary  glands 
are  electrically  excited  through  their  nerves. 

As  to  the  possibility  of  alcoholic  fluids  absorbed  from  the  stomach 
giving  rise  to  an  indirect  stimulation  of  salivary  secretion,  or  exercis- 
ing any  appreciable  influence  upon  the  composition  of  the  secretion, 
our  results  give  a  negative  answer.  Thus,  alcoholic  fluids  introduced 
directly  into  the  stomach  (of  dogs)  by  injection  through  the  stomach 
wall,  thus  doing  away  with  any  local  action  in  the  mouth,  produce  no 
appreciable  effect  upon  the  rate  of  secretion,  as  induced  by  a  con- 
stant external  stimulus,  of  either  submaxillary  or  sublingual  saliva. 
Even  doses  of  alcohol  sufficient  to  produce  prolonged  narcosis  when 
introduced  in  this  way  fail  to  check  the  flow  of  saliva.  There  is  like- 
wise no  specific  influence  exerted  on  the  composition  of  the  secretion. 
Hence,  so  far  as  our  results  go,  alcohol  and  alcoholic  fluids  are  with- 
out any  specific  effect  upon  the  secretion  of  saliva,  except  to  produce 
a  transitory  stimulation  of  secretion  while  in  the  mouth  cavity. 

Upon  gastric  secretion,  alcohol  and  alcoholic  fluids  have  a  marked 
effect,  increasing  very  greatly  both  the  flow  of  gastric  juice  and  also 
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its  content  of  acid  and  total  solids.  Further,  this  action  is  exerted 
not  only  by  the  presence  of  alcoholic  fluids  in  the  stomach,  but  also 
indirectly  through  the  influence  of  alcohol  absorbed  from  the  intes- 
tine. Thus,  ordinary  ethyl  alcohol  introduced  into  the  empty 
stomachs  of  dogs,  with  the  duodenum  ligated,  shows  a  marked  stimu- 
lating action  upon  gastric  secretion  —  as  compared  with  the  action  of 
water  under  like  conditions  —  increasing  not  only  the  volume  of  gas- 
tric juice  very  greatly,  but  also  its  acidity,  content  of  solid  matter, 
etc.  Moreover,  alcohol  absorbed  from  the  intestine,  the  latter  being 
entirely  shut  off  from  the  stomach,  may  likewise  cause  stimulation  of 
the  gastric  glands,  with  a  marked  increase  in  the  rate  of  secretion,  etc. 
Whiskey,  brandy,  sherry,  claret,  beer,  and  porter  all  agree  in  producing 
stimulation  of  gastric  secretion.  Further,  as  already  stated,  the  gas- 
tric juice  secreted  under  alcoholic  stimulation  is  more  acid,  contains 
more  solid  matter  and  more  combined  hydrochloric  acid  than  the 
ordinary  secretion.     It  is  likewise  strongly  proteolytic. 

If  these  results  are  considered  in  connection  with  our  previous  ob- 
servations upon  the  influence  of  alcohol  and  alcoholic  drinks  upon  the 
purely  chemical  processes  of  gastric  digestion,  it  is  seen  that  side  by 
side  with  the  greater  or  lesser  retardation  of  digestive  proteolysis 
caused  by  alcoholic  beverages  there  occurs  an  increased  flow  of 
gastric  juice  rich  in  acid  and  of  unquestionable  digestive  power.  The 
two  effects  may  thus  normally  counterbalance  each  other,  though  it  is 
evident  that  modifying  conditions  may  readily  retard  or  stimulate  the 
processes  in  the  stomach  according  to  circumstances.  Foremost 
among  the  latter  is  the  rapid  disappearance  of  alcohol  from  the  ali- 
mentary canal. 

Since  any  influence  exerted  by  alcohol  or  alcoholic  beverages  upon 
the  solvent  or  digestive  power  of  the  gastric  juice  in  the  stomach 
must  depend  upon  the  presence  of  alcohol  in  the  stomach  contents, 
it  follows  that  the  tendency  toward  rapid  removal  of  the  alcohol  from 
the  alimentary  tract  by  absorption  must  necessarily  diminish  corre- 
spondingly the  extent  of  the  retardation  of  gastric  digestion  which  the 
presence  of  alcohol  in  the  stomach  may  occasion.  Since,  however, 
the  stimulation  of  gastric  secretion  induced  by  alcohol  is  brought 
about  not  only  by  the  direct  action  of  alcohol  in  the  stomach,  but 
also  by  the  indirect  action  of  alcohol  absorbed  from  the  intestine,  it 
follows  that  possible  inhibition  of  the  digestive  action  of  the  gastric 
juice  would  probably  be  of  shorter  duration  than  the  stimulation  of 
secretion,  and  that  consequently  in  the  body  alcoholic  fluids  would 
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hardly  lead  to  any  retardation  of  gastric  digestion.  This  point  has 
been  very  carefully  and  thoroughly  tested  by  numerous  experiments 
on  healthy  dogs  with  gastric  fistulae,  using  proteid  test  meals,  with  the 
result  that  certainly  in  the  stomach  of  dogs  digestion  is  not  retarded 
in  any  pronounced  degree  under  the  influence  of  alcohol  or  alcoholic 
fluids.  Of  hastened  digestion,  the  results  obtained  give  little  or  no 
suggestion,  and  we  must  therefore  conclude  that  the  two  diverse  fac- 
tors above  referred  to  more  or  less  counterbalance  each  other  so  that 
gastric  digestion  in  the  broadest  sense  of  the  term  is  not  markedly 
varied  under  the  influence  of  alcohol  or  alcoholic  fluids.  This  con- 
clusion, it  may  be  mentioned,  stands  in  perfect  harmony  with  the 
results  of  the  investigations  of  Zuntz  and  Magnus-Levy  regarding  the 
influence  of  alcohol  (beer)  on  the  digestibility  and  utilization  of  food 
in  the  body.  These  investigators  found  by  a  series  of  metabolic  ex- 
periments on  men  with  diets  largely  made  up  of  milk  and  bread,  and 
on  individuals  accustomed  and  unaccustomed  to  the  use  of  alcoholic 
beverages,  that  the  latter  did  not  in  any  way  diminish  the  utilization  of 
the  food  by  the  body.^ 

Especially  worthy  of  note  is  the  rapid  disappearance  of  alcohol 
from  the  stomach  and  alimentary  tract  when  alcoholic  fluids  are  taken. 
As  our  results  show,  the  introduction  of  even  200  c.c.  of  37  per  cent 
alcohol  into  the  stomach  of  a  dog  with  the  duodenum  ligated  at  the 
pylorus  may  be  followed  by  the  nearly  complete  disappearance  of 
the  alcohol  in  3-3  i  hours  by  absorption  through  the  stomach  walls 
into  the  blood.  With  the  outlet  from  the  stomach  into  the  intestine 
open,  the  rate  of  absorption  of  alcohol  is  greatly  increased.  We  may 
well  believe,  as  stated  by  Ogdta,  that  when  6-8  grams  of  alcohol  are 
taken  into  the  stomach  in  the  form  of  wine  or  beer  that  80-90  per 
cent  of  the  alcohol  will  disappear  from  the  alimentary  tract  inside  of 
half  an  hour.  Indeed,  our  own  experiments  on  dogs  with  gastric 
fistulae  lead  to  this  conclusion.  Thus,  in  one  experiment  50  c.c.  of  20 
per  cent  alcohol  were  introduced  into  the  stomach,  and  on  withdraw- 
ing the  stomach-contents  half  an  hour  later  no  alcohol  whatever  was 
found  in  the  40  c.c.  of  fluid  obtained.  In  view  of  this  rapid  disap- 
pearance of  alcohol  from  the  alimentary  tract  it  is  plain  that  alcoholic 
fluids  cannot  have  much,  if  any,  direct  influence  upon  the  secretion 
of  either  pancreatic  or  intestinal  juice. 

>  Zuntz  and  Magnus-Levy:  Archiv  f.  d.  ges.  Physiol.,  1891,  xlix,  p.  438; 
Magnus-Levy:  ibid.^  1893,  liii,  p.  544. 
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ON   THE   SIMILARITY   OF   STRUCTURAL  CHANGES 
PRODUCED   BY   LACK   OF   OXYGEN   AND 

CERTAIN    POISONS. 

Bv  SIDNEY  P.  BUDGETT. 
[From  the  Hull  Physiological  Laboratory  of  the  Untvtrsity  of  Chicago^ 

WE  know  through  the  experiments  of  Spallanzani,  Pfliiger,* 
Bunge,'-^  etc.,  that  life  phenomena  may  persist  for  a  com- 
paratively long  period  in  the  absence  of  oxygen,  and  that  at  the  same 
time,  as  has  been  shown  by  Liebig  and  Hermann,  a  considerable 
amount  of  work  may  be  done ;  but  in  the  face  of  these  facts  we  are 
at  a  loss  to  understand  those  cases  in  which  asphyxia  so  quickly 
results  in  death. 

Loeb^  has  suggested  that  when  a  function  fails  through  lack  of 
oxygen,  the  failure  may  in  some  cases  be  due  to  an  alteration  of  the 
molecular  conditions  upon  which  depends  the  conversion  of  chem- 
ical energy  into  the  particular  form  of  energy  set  free  in  the  physi- 
ological process  concerned.  In  support  of  this  view  he  describes 
the  behavior  of  Ctenolabrus  eggs  when  they  are  deprived  of  oxy- 
gen :  eggs  newly  fertilized  fail  to  divide,  while  those  in  which  seg- 
mentation has  reached  the  four-cell  stage  show  a  solution  of  the 
dividing  surface  layers,  or  cell  membranes,  and  a  return  to  a  unicel- 
lular form.  He  points  out  that  circumstances  which  lead  to  a  break- 
down of  existing  membranes  would  naturally  prevent  the  formation 
of  new  ones,  and  calls  attention  to  the  probability  that  failure  to 
divide  depends  rather  upon  the  impossibility  of  membrane  formation 
than  upon  lack  of  energy.  In  favor  of  this  conclusion  he  mentions  the 
fact  that  the  eggs  of  a  closely  related  fish,  Fundulus,  the  cell  mem- 
branes of  which  undergo  no  solution  in  an  oxygen  vacuum,  may  con- 
tinue to  divide  for  more  than  twelve  hours. 

He  observed  a  similar  difference  in  the  two  species,  in  the  behavior 
of  the  embryonic  heart,  when  its  supply  of  oxygen  was  gradually 
diminished.  In  Ctenolabrus  the  heart  was  brought  to  a  standstill 
too  suddenly  to  allow  the   assumption  that  lack  of  energy  was  the 

1  Pfll'ger:  Archiv  f.  d.  ges.  Physiol.,  1875,  x,  p.  25. 
-  Bunge:  Zeitschr.  f.  physiol.  Chemie,  1874,  viii,  p.  48. 
'  LoEB :  Archiv  f.  d.  ges.  Physiol.,  1895,  Ixii,  p.  249. 
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cause,  and  he  supposes  that  here  also  there  may  occur  molecular  and 
finally  structural  changes  similar  to  those  seen  in  the  first  stages  of 
segmentation,  and  that  these  may  prevent  the  conversion  of  chemical 
into  mechanical  energy.  The  heart  of  Fundulus,  on  the  other  hand, 
beat  with  increasing  slowness  until  it  reached  a  minimum  rate,  at  which 
it  continued  as  long  as  ten  hours. 

Loeb  thinks  it  possible  that  the  structural  changes  which  occur  in 
the  absence  of  oxygen  are  the  result  of  the  action  of  abnormal  com- 
pounds formed  under  these  circumstances,  and  bases  this  supposition 
upon  the  fact  that  the  products  of  metabolism  are  different  when  no 
oxygen  is  present,  as  had  been  shown  by  Araki,^  who  found  lactic 
acid  and  sugar  in  the  urine  of  dyspnceic  animals. 

Subsequently  Broca  and  Richet,^  in  their  study  of  the  anaerobic  con- 
traction of  muscle,  arrived  at  the  conclusion  that  the  injurious  effects 
of  lack  of  oxygen  which  they  observed  were  due  to  the  toxic  action 
of  unoxidized  waste  products. 

At  Professor  Loeb's  suggestion,  I  have  subjected  Paramcecia  and 
other  protozoa  to  the  action  of  various  poisons  in  order  to  determine 
whether  any  of  these  would  produce  structural  changes  similar  to 
those  appearing  in  an  oxygen  vacuum.  With  a  number  of  the 
reagents  used  such  was  found  to  be  the  case. 

ParamcBciam  anrelium. — The  structural  changes  caused  by  lack  of 
oxygen  have  been  described  by  Loeb  and  Hardesty ;  ^  but  their  ex- 
periments have  been  repeated  in  the  present  series  for  the  sake  of 
comparison.  A  few  drops  of  Paramcecium  culture  were  enclosed  in 
an  Engelmann  gas  chamber,  through  which  was  passed  hydrogen 
that  had  been  washed  in  potassium  hydrate  solution,  potassium  per- 
manganate solution,  and  water. 

After  the  stream  of  hydrogen 
has  been  passing  for  several  hours, 
the  time  varying  with  the  temp- 
erature of  the  room,  the  animals 
begin  to  swim  more  slowly,  they 

absorb  water,  the  contractile  vacu-  _ 

,        .  .        .  ,  Figure  x. 

oles  mcrease  m  size,  or  several 

additional  vacuoles  may  appear,  and  they  sink  to  the  bottom.     One 

or  more  clear  vesicles  now  protrude  from  the  surface  of  the  animal, 

*  Araki:  Zeitschr.  f.  physiol.  Chemie,  1891,  xv,  p.  325. 

'  Richet:  Archives  de  physiologic,  1876,  viii,  p.  829. 

■  Loeb  and  Hardesty:  Archiv  f.  d.  ges.  Physiol.,  1895,  Ixi,  p.  583. 
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and  into  these  some  of  the  vacuoles  usually  escape ;  the  vesicles  finally 

burst,  and  the  cell  contents  are  extruded  (Fig.  i ). 

If  a  drop  of  a  O.I  per  cent  solution  of  potassium  cyanide  be  added 

to   several   drops   of   Paramcecium   culture,   there   result   structural 

changes  which  are  apparently 
exactly  similar  to  those  de- 
scribed above,  but  they  occur 

(Jl^     ^^      ^^H-^  VJJ^^l  <0|^      immediately  (Fig.  2).      If  the 

solution  be  more  concentrated, 
for   instance  0.5   per  cent,  the 

bursting  often  occurs  at  once,  without  a  preceding  marked  change  of 

form. 

AmcBba.  —  When  deprived  of  oxygen.  Amcfiba  becomes  vacuolated 

and  tends  to  assume  a  spherical  form  (Fig.  3).     A  dilute  solution  of 

antipyrine  produces  the  same  effects  (Fig.  4).     The  same  is  true  of 

digitaline  and  potassium  cyanide  solutions. 


Figure  2. 
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Ozytricha  (?)  — After  being  subjected  for  several  hours  to  a  stream 
of  hydrogen,  this  form  begins  to  take  up  water,  and  becomes  less 
flattened,  the  contractile  vacuole  being  much  distended.  Like  Para- 
mcecia,  it  becomes  sluggish  and  gradually  sinks,  the  vacuole  con- 
tracts, and  it  remains  almost  motionless  at  the  bottom.     Suddenly 

at  or  near  one  pole,  usually  the  oral, 
the  surface  loses  its  smooth  contour, 
the  surface  layer  breaks  down  into 
small  globules,  and  the  change  pro- 
gresses toward  the  opposite  pole, 
the  protoplasm  meanwhile  becoming 
detached  in  spherical  masses  large  and  small ;  these  quickly  dissolve, 
and  nothing  is  left  of  them  but  scattered  granules.  As  the  nuclei  pass 
out  they  become  spherical.  The  cilia  usually,  but  not  invariably, 
cease  moving  before  the  dissolution  of  the  cell  wall  begins  (Fig.  5). 
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Changes  produced  by  lack  of  Oxygen  and  Poisons.      2 1 3 

The  addition  of  a  dilute  solution  of  potassium  cyanide  (Fig.  6) 
or  pilocarpine  to  a  culture  of  oxytricha  causes  similar  changes  in 
structure. 

The  same  changes  follow  exposure  to  the  action  of  veratrine  (Fig. 
7),  sulphate  of  morphia,  sulphate  of  quinine,  antipyrine,  nicotine, 
potassium  or  sodium  hydrate,  in  sufficiently  strong  solutions,  but  the 
cilia  usually  continue  to  move  until  just  before  that  portion  of  the  cell 
wall  upon  which  they  are  situated  breaks  down. 


Figure  6. 


Figure  7. 


Figure  8. 


Under  the  influence  of  physostigmine  (Fig.  8),  atropine,  or  sul- 
phate of  strychnia,  the  aboral  pole  usually  breaks  down  first,  other- 
wise  the   visible    results    are    the 
same.  ^^     -.         Tt^ 

Jennings^  has  observed  that 
**  Paramcecia  are  not  appreciably 
harmed  "  by  placing  them  in  dis- 
tilled water.  This  rather  surprising 
fact  must  depend  upon  their  offer- 
ing a  great  resistance  to  the  entrance  of  water.  The  absorption  of 
water,  which  forms  such  an  important  feature  in  the  effects  of  lack 
of  oxygen,  and  of  poisoning,  shows  a  reduction  of  this  resistance,  but 
probably  depends  also  upon  an- 
other factor,  as  is  indicated  by  the 
following  observation  (Fig.  9). 

Figure  9  represents  the  changes 
shown  by  a  sympathetic  nerve  cell 
from  the  Frog,  when  exposed  to  a 
five  per  cent  solution  of  potassium 
cyanide.  The  drawings  are  from 
a  series  of  twelve,  which  were  made 


Figure  9. 


with  a  camera  lucida  in  rapid  succession.     The  osmotic  pressure  of 
the  potassium  cyanide  solution  being  above  that  of  the  cell,  water 

*  Jennings  :  Journal  of  physiology,  1897,  xxi,  p.  272. 
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at  first  passes  out,  and  the  cell  shrinks  rapidly.  The  subsequent 
swelling  is  probably  due  to  extensive  splitting  up  of  molecules  within 
the  cell  under  the  influence  of  the  poison,  and  consequent  rise  of  the 
intracellular  osmotic  pressure  and  absorption  of  water. 

Conclusions. 

The  visible  changes  of  structure  shown  by  some  protozoa  when 
deprived  of  oxygen  may  be  exactly  reproduced  by  treatment  with 
certain  poisons.  This  indicates  that  either  these  poisons  prevent 
oxidation  or  that  lack  of  oxygen  produces  toxic  substances. 

Potassium  cyanide,  and  perhaps  other  poisons,  not  only  reduce  the 
resistance  normally  shown  by  the  Paramcecium  to  the  entrance  of 
water,  but  lead  to  the  taking  up  of  water  probably  by  hastening  the 
molecular  breakdown  and  so  increasing  the  osmotic  pressure  within 
the  cell. 

I  desire  to  acknowledge  the  kind  direction  of  Professor  Loeb. 


THE  EFFECT  OF   DISTENTION   OF  THE  VENTRICLE 

ON   THE   FLOW   OF   BLOOD   THROUGH 

THE   WALLS   OF  THE   HEART. 

By    IDA   H.    HYDE,   PH.D. 
[From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School."] 

IN  the  course  of  the  experiments  **  On  the  relation  of  the  volume 
of  the  coronary  circulation  to  the  frequency  and  force  of  the  ven- 
tricular contraction  in  the  isolated  heart  of  the  cat,"  made  in  this 
Laboratory  in  1896,^  it  was  incidentally  observed  that  distention  of 
the  left  side  of  the  isolated  heart  lessened  the  volume  of  the  circu- 
lation through  the  coronary  vessels,  notwithstanding  the  mainte- 
nance of  a  constant  pressure  in  the  aorta.  As  distention  of  the  heart 
is  a  state  frequently  observed  in  mountain  climbers,  athletes,  hod- 
carriers,  and  many  other  classes,  being  indeed  almost  inseparable 
from  violent,  prolonged  muscular  efforts,  and  as  it  constitutes,  in  its 
severer  forms,  a  disease  of  great  clinical  interest,  a  systematic  pursuit 
of  the  clew  which  Magrath  and  Kennedy  gave  is  well  worth  making. 

The  problem  seemed  a  simple  one.  The  coronary  vessels  of  the 
isolated  heart  of  the  cat  should  be  supplied  with  defibrinated  cat's 
blood  by  maintaining  a  uniform  blood-pressure  in  the  aorta,  and  the 
outflow  from  the  coronary  veins,  or,  in  other  words,  the  volume  of 
the  coronary  circulation,  should  be  recorded  by  a  suitable  apparatus. 
The  effect  of  the  artificial  distention  of  the  left  side  of  the  heart  upon 
this  outflow  would  then  be  visible. 

The  apparatus  for  accomplishing  these  ends  consisted  of  a  reser- 
voir in  which  the  defibrinated  blood  could  be  kept  at  the  tempera- 
ture of  the  body ;  a  pressure  flask,  by  which  the  blood  could  be 
driven  from  the  feeding  reservoir  into  the  aorta ;  a  mercury  manom- 
eter, for  recording  the  blood-pressure  in  the  aorta,  so  that  the  ex- 
perimenter could  be  sure  that  the  driving  force  remained  the  same 
throughout  the  observation;  a  membrane  manometer,  of  the  Hiirthle 
type,  for  recording  the  changes  of  pressure  in  the  left  ventricle ;  a 
Mariotte  flask,  by  which  the  intraventricular  pressure  could  be 
raised   to   any  height   desired ;  a  drop  counter,    for  registering  the 

*  Magrath,  J.  B.,  and  H.  Kennedy:  Journal  of  exper.  medicine,  1897,  ii,  p.  13. 
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volume  of  the  coronary  circulation;  and,  finally,  a  kymograph,  with 
a  time  recorder. 

At  the  beginning  of  the  experiment,  two  cats  were  ana;sthetized 
with  ether,  tracheotomized,  and  bled  from  the  left  carotid  artery. 
The  blood  was  defibrinatcd,  filtered  through  glass  wool,  and  placed 
in  the  blood  reservoirs  to  warm.  Meanwhile,  the  front  wall  of  the 
thorax  of  the  second  of  the  two  cats  was  removed,  exposing  the 
heart  and  great  vessels ;  the  vena;  cav^e  and  right  vena  azygos  were 
ligated;  cannulas  were  placed  in  the  aorta,  the  left  subclavian,  pul- 


monary, and  innominate  arteries;  and  a  tube  was  passed  into  the  left 
ventricle  through  the  auricular  appendix.  After  washing  out  the 
aorta  with  normal  saline  solution  to  remove  blood  clots  and  air,  the 
cat,  upon  its  Czermak  board,  was  placed  in  the  inclined  stand  shown 
in  Fig.  I.  At  the  reader's  right,  in  this  figure,  is  scon  the  cat-board 
resting   upon  an   inclined    sup  porting- frame.     Two  glass   tubes   are 
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shown  in  front  and  to  the  left  of  the  cat-board.  The  lower  tube  was 
inserted  in  the  right  ventricle  through  the  pulmonary  artery,  and 
carried  the  outflow  from  the  coronary  vessels  into  a  porcelain  dish. 
The  blood  usually  escaped  from  this  tube  in  drops.  Each  drop,  as 
it  fell,  struck  on  a  thin  aluminium  plate  of  triangular  shape,  17  mm. 
long  and  14  mm.  wide  at  the  base,  fastened  on  the  lever  of  a  Marey 
tambour.  The  plate  was  bent  in  such  a  way  that  the  blood  could 
not  remain  upon  it,  but  ran  off  into  the  dish  beneath ;  the  impact 
of  the  falling  drop  caused  an  air  wave  in  the  tambour,  which  was 


Figure  2. 


transmitted  to  a  very  sensitive  recording  tambour,  the  lever  of  which 
wrote  on  the  smoked  paper  of  the  kymograph.  The  upper  glass 
tube  was  inserted  in  the  left  ventricle  through  the  left  auricular  ap- 
pendix and  the  mitral  ^  valve,  and,  being  filled  with  normal  saline 
solution,  as  were  the  ventricles  and  the  connecting  tubes,  transmitted 
the   changes   of  pressure   in   the  ventricle  to   a  Hurthle  membrane 
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manometer,  the  lever  of  which  wrote  on  the  smoked  paper  just  above 
the  writing  of  the  drop-recorder.  A  side  branch  of  the  manometer 
led  to  the  atmospheric  air  and  served  to  place  the  ventricle  at 
atmospheric  pressure.  For  convenience,  this  tube  has  been  drawn 
upright ;  in  actual  use,  however,  the  mouth  was  brought  down  to  the 
level  of  the  ventricle ;  the  manometer  was  also  at  this  level.  A  second 
side  branch  led  to  a  Mariotte  flask  filled  with  normal  saline  solution. 
By  raising  the  flask  the  pressure  in  the  ventricle  could  be  increased, 
the  amount  of  pressure  being  fully  recorded  by  the  manometer.  The 
time  was  recorded  by  the  Jaquet  chronometer  seen  upon  the  round- 
base  stand  in  front  of  the  kymograph.  The  transverse  rod,  placed 
at  the  upper  part  of  the  cat-board,  supported  several  hooks  which 
served  to  lift  up  the  skin  at  the  sides  of  the  thoracic  opening,  form- 
ing thus  the  walls  of  a  cavity,  at  the  bottom  of  which  lay  the  heart. 
This  cavity  was  constantly  irrigated  with  normal  saline  solution  at 
the  body  temperature.  After  filling  the  cavity,  the  saline  solution 
escaped  into  a  pan  (not  shown  in  the  drawing)  placed  under  the 
supporting- frame. 

The  apparatus  employed  for  feeding  the  coronary  vessels  with 
blood  at  the  normal  temperature  and  pressure  is  shown  in  Fig.  2. 
The  water  bottle  A  received  a  constant  stream  of  tap  water  through 
the  tube  B.  On  reaching  the  level  of  the  outflow  tube  C,  the  sur- 
plus water  passed  away  into  a  sink.  A  constant  level  was  thus  main- 
tained in  the  water  bottle.  Siphonage  was  prevented  by  the  upright 
open  tube  D,  A  part  of  the  surplus  water  entered  the  tube  E,  lead- 
ing to  the  pressure  bottle  /%  the  air  in  which  was  subjected  to  a 
constant  pressure  by  the  column  of  water  in  this  tube.  The  com- 
pressed air  in  the  pressure  bottle  was  employed  to  drive  the  blood 
from  the  warming  reservoirs  through  the  shortest  possible  connect- 
ing tube  into  the  aorta.  The  semilunar  valves  were  thereby  closed, 
and,  as  all  the  branches  of  the  aorta  except  the  coronary  arteries  had 
previously  been  ligated,  the  blood  was  forced  through  the  coronary 
vessels  into  the  right  side  of  the  heart,  whence  it  escaped  through  a 
cannula  in  the  pulmonary  artery,  the  venai  cava;  and  the  vena  azygos 
having  been  tied.  As  a  rule,  the  outflow  was  in  drops,  and  the 
record  of  these  drops  was  taken  as  the  measure  of  the  volume  of  the 
coronary  circulation.  Experiments  by  Magrath  and  Kennedy,^  to 
which  the  reader  is  referred,  have  shown  that  the  size  of  the  drops 
does  not  vary  enough  to  make  this  procedure  unsafe. 

^  Magrath  and  Kennedy  :  loc.  cit.,  p.  i8. 
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The  warming  reservoirs,  (7,  were  filled  through  the  funnel  tubes,  Hy 
the  air  tubes,  /,  being  opened  during  the  filling  process.  The  tubes 
not  fiirnished  with  stopcocks  were  closed  with  long-handled  compres- 
sion forceps. 

The  cannula  placed  in  the  innominate  artery  was  connected  with  a 
mercury  manometer,  in  order  that  the  blood-pressure  in  the  aorta 
might  be  observed.  The  pressure  apparatus  maintained  this  pressure 
with  great  constancy  at  any  level  desired.  The  manometer  served 
also  to  assure  the  observer  of  the  proper  closure  of  the  aortic  valves. 
The  pressure  would  fall  when  these  valves  were  insufficient.  At  the 
same  time  the  pressure  in  the  membrane  manometer,  connected  with 
the  interior  of  the  ventricle,  would  rise.  But  the  aortic  valves  were 
seldom  insufficient. 

The  method  I  have  just  described  is  open  to  the  objection  that  only 
the  blood  escaping  from  the  coronary  vessels  into  the  right  heart  was 
taken  as  the  measure  of  the  volume  of  the  coronary  circulation.  A 
slight  error  is  thus  introduced,  for  the  coronary  blood  is  discharged 
not  only  through  the  coronary  veins  but  also  through  the  veins  of 
Thebesius,  and  the  veins  of  Thebesius  open  into  all  the  chambers 
of  the  heart,  the  left  as  well  as  the  right.  The  method  employed 
by  me  registered  the  outflow  from  the  right  heart,  but  omitted  that 
from  the  left  Furthermore,  the  normal  saline  solution  used  to  dis- 
tend the  left  side  of  the  heart  could  enter  the  veins  of  Thebesius  pres- 
ent on  this  side,  pass  through  the  branches  that  connect  them  with 
the  coronary  veins,  and  flow  with  the  coronary  blood  into  the  right 
heart,  thus  making  part  of  the  recorded  outflow.  Yet  these  errors 
did  not  seriously  impair  the  method  for  the  purpose  for  which  it  was 
devised,  as  the  number  of  the  vessels  of  Thebesius  opening  into  the  left 
heart  is  too  small,  and  the  circulation  through  them  too  slight,  to  be 
of  practical  importance  in  these  experiments.* 

A  factor  of  much  greater  difficulty  was  the  unexpectedly  powerful 
stimulation  of  the  ventricular  muscle  by  the  distention  of  the  ventricle. 
Hearts  that  had  ceased  to  contract,  although  fed  through  their  coro- 
nary vessels  with  defibrinated  blood  at  uniform  temperature  and 
pressure,  often  suddenly  awoke  to  new  contractions  when  the  intra- 
venticular  pressure  was  raised ;  and  hearts  that  were  beating  feebly 

^  The  circulation  through  the  vessels  of  Thebesius  from  the  left  ventricle  and 
auricle,  though  relatively  too  small  to  affect  seriously  the  method  here  described, 
may  be  of  importance  in  the  nutrition  of  hearts  in  which  the  coronary  arteries  are 
obstructed.     See  the  experiments  of  F.  H.  Pratt,  this  Journal,  vol.  i,  p.  86. 
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before  distention  were  often  excited  to  powerful 
efforts  by  the  stimulus  of  distention.  The  in- 
crease in  the  force  of  beat  in  consequence  of 
distention  seemed  at  first  of  no  importance, 
—  nothing  being  then  definitely  known  of  the 
effect  of  ventricular  contraction  on  the  flow  of 
blood  through  the  heart  walls.  But  when,  a 
short  time  after  my  experiments  were  begun. 
Dr.  \V.  T-  I'orter '  proved  that  the  contraction 
of  the  ventricle  compresses  the  vessels  in  its 
walls,  drives  out  their  contents,  and  forces 
along  the  coronary  blood,  like  the  strokes  of 
a  pump,  it  was  seen  that  my  method  could  give 
a  pure  result  only  when  used  with  non-beating 
hearts  or  with  contracting  hearts  in  which  dis- 
tention either  failed,  for  some  reason,  to  stim- 
ulate the  ventricle  to  increased  action,  or 
overcame  the  eflect  of  the  increased  contrac- 
tion and  lessened  the  volume  of  the  coronary 
circulation  in  spite  of  the  favorable  influence 
of  the  greater  force  of  beat. 

The  discovery  of  the  force-pump  action  of 
the  ventricle  bbre  against  the  method  in  yet 
another  way.  Magrath  and  Kennedy  had 
shown  that  lessening  the  volume  of  the  coro- 
nary circulation  in  the  isolated  heart  less- 
ened the  force  of  contraction,  and,  to  a  sUght 
extent,  the  frequency  as  well.  Hence  the  dis- 
tention of  the  heart,  by  diminishing  the  vol- 
ume of  the  coronary  circulation,  may,  if  the 
heart  is  not  stimulated  to  increased  contraction 
by  the  stimulus  of  distention,  cut  down  the 
force  and  frequency  of  contraction,  and  thus, 
secondarily,  still  further  reduce  the  coronary 
flow.  But  this  error  is  not  sufficiently  large 
to  be  of  moment  in  the  present  investigation. 

The  foregoing  considerations  divide  the  ques- 

'  Porter.  W.  T.  :  The  influence  «f  thy  heart-beat 
on  the  flow  of  blood  through  the  walls  of  the  heart. 
This  Journal,  i,  p.  145. 
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tion  in  hand  into  two  parts.     It  3' 

is   necessary   to    determine   first,  j^i 

whether  the  distention  of  the  heart  =  3  ^ 

checks  the  flow  of  blood  through  3  3"  | 

the    coronary   vessels    when    the  ^  g  s: 

organ  is  at  rest.      The  answer  to  S)  P-  « 

this  question  is  furnished  by  Fig,  %%  % 

3,  from  the  experiment  of  October  2,=  §, 

24,  1896.     The  uppermost  curve  ^s  = 

in   this   figure    was   drawn    by   a  "^  |  s, 

Hiirthle    membrane     manometer  so" 

connected  with  the  left  ventricle,  n  3  H 

The  rise  of  three   millimetres  in  ?■  s'  ° 

this  curve  indicates  an  increase  of  il  »  S 

15  mm.  Hg  intraventricular  pres-  j  3  S* 

sure ;  this  distention  of  the  ventri-  3-  S  ^ 

cle  was  accomplished  by  opening  a  g-  » 

a  side  branch  of  the  ventricular  |,  9-  ? 

cannula  tube,  in  the  manner  de-  "no 

scribed  on  page  218.    The  middle  <  o. 

curve  gives  the  time  in  seconds.  ~  n 

The  lowest  curve  records  the  num-  "  §■  5' 

ber  of  drops   of  blood  escaping  g,  ^ 

from  the  coronary  vessels  into  the  _  5 

right  heart,  —  practically,  the  vol-  ||  sr 

ume  of  the  coronary  circulation.  ^  1 

The    pressure   in   the   aorta   was  3  H 

78  mm.  Hg.     When  the  pressure  *„  |^ 

in  the  left  ventricle  is  increased,  a  "  § 

part  of  the  contents  of  the  coro-  |  ? 

nary  vessels  is  squeezed  out,  so  s  =, 

that  the  first  five  or  six  seconds  of  ^  * 

the  period  ofdistention  are  marked  |_  g 

by  an  increase  in  the  flow.    When  -  * 

the  pressure  in  the  ventricle  is  low-  g.  5 

ered  again,  at  the  second  arrow,  ?  g 

the  sudden  dilation  of  the  vessels  s"  I 

checks  the  flow  during  a  few  sec-  2  -3 

ends.     Apart  from  these  tempo-  g  5 

rary  effects,  the  consequence  of  S  £■ 
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distention  is  a  considerable  diminution  in  the  volume  of  the  coronary 

flow. 

The  number  of  drops  per  20  seconds  throughout  the  experiment 
was  as  follows,  beginning  60  seconds  before  distention :  — 

1-20  seconds,  23  drops. 
21-40        "        21     ** 
41-60        •'        23     " 

Distention  of  the  left  ventricle  at  60th  sec. 

61-80  seconds,  26  drops. 
81-100        "        15     •* 


101-120    "    14  " 
121-140    "    8  " 


At  the  126th  second,  atmospheric  pressure  was  restored. 

141-160  seconds,  20  drops. 
161 -1 80  "  24  ** 
181-200  "  24  *• 
201-220  "  23  " 
221-240  "  23  " 
241-260    "    22  ** 

The  distention  of  the  non-beating  heart,  therefore,  diminishes  the 
flow  of  blood  through  the  coronary  vessels. 

I  pass  now  to  the  effect  of  distention  of  the  non-beating  heart 
spurred  into  activity  by  the  stimulus  of  distention.  Fig.  4  illustrates 
one  of  these  experiments.  Two  records  of  the  effect  of  distention  on 
the  flow  through  the  coronary  vessels  are  here  given.  The  upper- 
most curve  in  each  set  of  three  is  the  pressure  in  the  left  ventricle, 
recorded  as  described  above;  the  middle  curve  gives  the  time  in 
seconds,  and  the  lowest  curve  the  number  of  drops  of  blood  escap- 
ing from  the  coronary  vessels.  The  stimulating  effect  of  the  disten- 
tion of  the  heart  is  very  well  shown.  In  the  upper  intraventricular 
curve,  the  pressure  rises  27  mm.  Hg;  in  the  lower,  35  mm.  Hg.  In 
the  first  experiment  (lower  tracing),  the  distention  at  first  fails  to  call 
forth  contractions;  in  the  second  (upper  tracing),  the  heart  begins 
to  beat  as  soon  as  distended.  In  spite  of  the  favorable  action  of  the 
contractions  upon  the  coronary  circulation,  the  cff*ect  of  the  disten- 
tion, aside  from  the  momentary  squeezing  out  of  a  part  of  the  con- 
tents of  the  vessels  when  the  pressure  in  the  ventricle  is  first  raised, 
is  to  diminish  the  flow  through  the  coronary  vessels. 

The  second  of  the  two  problems  before  us,  namely,  whether  disten- 
tion checks  the  coronary  flow  in  beating  hearts,  in  spite  of  the  favor- 
able influence  exerted  on  the  coronary  flow  by  the  increased  force  of 


2  24  ^^^  H'  Hyde. 

It  appears,  then,  that  moderate  distention  may  diminish  the  flow  of 
blood  through  the  walls  of  even  the  contractinjij  heart. 

These  experiments  have  demonstrated,  therefore,  that  the  volume 
of  the  coronary  circulation  is  diminished  by  the  distention  of  the  ven- 
tricle. This  diminution,  however,  is  overcome,  in  some  cases,  by  the 
increase  consequent  on  the  greater  force  or  frequency  with  which 
the  ventricle  may  contract  in  response  to  the  stimulus  of  distention. 

My  material  is  not  sufficient  for  a  discussion  of  the  manner  in 
which  the  diminished  coronary  flow  is  brought  about,  whether  by 
mechanical  influences  or  by  the  action  of  vasomotor  mechanisms. 

In  conclusion,  it  is  with  great  pleasure  that  I  acknowledge  my 
indebtedness  to  Dr.  H.  P.  Bowditch,  for  permission  to  work  in  the 
Laboratory  of  the  Medical  School,  and  to  Dr.  W.  T.  Porter,  at  whose 
suggestion  the  investigation  was  undertaken,  and  who  was  constantly 
ready  with  kind  advice  and  assistance. 


THE    CHEMICAL    COMPOSITION    AND    NUTRITIVE 
VALUE   OF   SOME  EDIBLE   AMERICAN  FUNGI. 

By  LAFAYETTE  B.   MENDEL. 
[From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University^ 

THE  collection  and  spreading  of  information  regarding  fungi  has 
lately  received  considerable  attention.  The  efforts  in  this 
direction  have  been  confined  for  the  most  part  to  descriptions  of 
the  common  species,  their  peculiarities  of  growth  and  distribution. 
Especial  consideration  has  been  devoted  to  the  variations  among  the 
fungi  as  regards  toxicity;  but  accurate  statements  regarding  chemical 
composition  and  possible  nutritive  value  are  largely  wanting.  The 
following  extract  from  a  recent  monograph  will  serve  to  illustrate 
the  current  opinions.  In  referring  to  the  edible  mushrooms,  it  states : 
"  The  general  opinion  is,  that  mushrooms  constitute  a  very  nutritious 
and  sustaining  diet.  Chemical  analysis  and  personal  experience  in- 
dicate this.  The  former  has  shown  that  in  their  dry  matter  they 
contain  from  twenty  to  fifty  per  cent  of  protein  or  nitrogenous 
material.  They  may,  therefore,  well  be  called  a  kind  of  vegetable 
meat,  and  be  used  as  a  substitute  for  animal  food.  Like  other  vege- 
tables they  are  largely  composed  of  water,  which  is  from  eighty  to 
ninety  per  cent  of  the  whole.  .  .  .  The  presence  of  so  much  nitroge- 
nous material  induces  rapid  decay  and  loathsome  decomposition 
in  them.  ...  A  hearty  meal  on  mushrooms  alone  would  be  about 
as  reasonable  as  a  dinner  on  nothing  but  beefsteak,  and  might  be 
expected  to  be  followed  by  similar  ill  consequences."  ^ 

In  view  of  the  increasing  importance  of  fungi  as  articles  of  diet, 
the  writer  has  gladly  followed  the  suggestion  of  Professor  Chittenden 
to  ascertain  something  more  definite  regarding  the  composition  of 
edible  mushrooms,  with  particular  reference  to  their  nutritive 
qualities. 

^  Peck,  C.  H.  :  Report  of  the  New  York  State  Botanist,  1895,  p.  113.  Cf.  also 
Peck  :  Mushrooms  and  their  uses,  1897,  p.  4.  For  the  source  of  the  statements 
quoted  Professor  Peck  has  referred  the  writer  to  the  Atlas  of  Champignons,  by 
Richon  and  Ros^,  and  to  Les  Champignons,  by  Cordier  —  both  of  which  it  has 
been  impossible  to  consult. 
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Methods. —  Specimens  were  obtained  from  various  sources,  and  in 
some  instances  different  samples  of  the  same  species  were  examined.^ 
The  common  methods  of  studying  the  composition  of  agricultural 
products  have  been  adopted,  the  directions  given  by  the  Association 
of  Official  Agricultural  Chemists  being  closely  followed  in  most 
instances.^  The  mushrooms  were  cut  up  finely  and  thoroughly 
mixed.  Samples  were  taken  for  the  determination  of  moisture, 
while  the  bulk  of  the  material  was  dried  on  a  water  bath  and  then 
ground  up  to  a  fine  powder.  Dried  to  constant  weight  at  105°  C, 
this  served  as  material  for  analysis. 

Ash  was  determined  in  the  usual  way,  the  incineration  being  carried 
on  with  the  lowest  possible  heat.  The  mushrooms  employed  were 
previously  cleaned  with  considerable  care,  and  thus  an  excess  of 
inorganic  impurity,  such  as  sand,  was  avoided. 

Ether  extract  was  obtained  by  treating  the  material  with  anhydrous 
and  alcohol-free  ether  in  a  Soxhlet  extractor  for  sixteen  hours,  the 
extract  being  finally  dried  in  vacuo  to  constant  weight.  Recently 
Bugdanow  ^  has  shown  that  this  method  is  insufficient  to  remove  the 
last  traces  of  fats  completely  from  some  vegetable  materials,  even 
when  they  are  finely  divided.  The  error  is  not  sufficiently  large, 
however,  to  affect  the  general  conclusions  from  the  analyses.  In 
order  to  examine  the  extract  for  cholesterin  it  was  saponified  in 
the  usual  way  with  alcoholic  potash.  Cholesterin  (or  closely  allied 
substances)  was  detected  by  Salkowski's  reaction ;  but  the  method 
of  separation  employed  obviously  does  not  exclude  the  possibility 
of  this  substance  existing  in  combination  with  fatty  acids  in  the 
fungi.* 

Crude  fibre  was  determined  according  to  Wiley's  method,^  in  the 
residue  left  after  extractions  with  ether. 

Total  ftitrogfft  was  found  by  the  Kjcldahl  method,  duplicate  deter- 
minations always  showing  a  very  close  agreement.  It  is  customary 
in  agricultural    analysis  to  express  the  results  thus  obtained,  and 

^  Acknowledgment  is  gratefully  made  of  specimens  obtained  through  the 
courtesy  of  Mr.  HoUis  Webster,  of  Cambridge,  and  Captain  Mcllvaine,  of  Phila- 
delphia. The  material  used  has  in  every  case  been  identified,  or  verified,  by  Dr. 
A.  W.  Evans,  to  whom  our  thanks  are  due. 

2  See  Wiley,  H.  W.  :  Agricultural  analysis,  1897. 

^  Bugdanow:  Archiv  f.  d.  ges.  Physiol.,  1897,  Ixviii,  p.  408. 

♦  Cf.  HuRTHLE,  K.:  Ueber  die  Fettsaure-Cholesterin-Ester  des  Blutes.  Zcitschr. 
fiir  physiol.  Chemie,  1896,  xxi,  p.  352. 

*  Wiley;  Agricultural  analysis,  1897,  iii,  p.  304. 


Composition  afid  Nutritive  Value  of  Edible  Fungi.     227 

multiplied  by  the  factor  6.25,  as  "crude  protein.'*  The  latter  term 
is  thus  made  to  include  albuminoids  and  extractive  bodies  as  well 
as  the  proteids  proper.^  Not  only  do  these  individual  groups 
possess  quite  variable  significance  as  foods,  but  this  investigation 
has  further  demonstrated  that  such  calculations  may  lead  to  quite 
erroneous  conclusions.  In  the  mushrooms,  at  least,  a  considerable 
part  of  the  nitrogen  probably  exists  as  non-proteid  nitrogen,  a 
portion  even  belonging  to  the  so-called  crude-fibre,  or  cellulose 
elements  of  the  fungi.^  In  a  large  number  of  our  analyses  an 
attempt  has  been  made  to  separate  the  nitrogen  of  the  extractive 
bodies  (amide-nitrogen,  etc.)  by  treating  a  portion  of  the  material 
repeatedly  with  boiling  85  per  cent  alcohol,  so  long  as  anything 
could  be  removed.  The  nitrogen  content  of  the  alcoholic  extract 
having  been  determined,  and  then  calculated  on  the  material  used, 
is  designated  as  extractive  nitrogen?  The  amount  of  alcohol  soluble 
material  was  ascertained  at  the  same  time,  by  filtering  the  undis- 
solved extraction  residues  on  weighed  filters  and  drying  at  105°  C. 
to  constant  weight.  The  difference  between  the  total  nitrogen  and 
extractive  nitrogen  is  provisionally  given  as  protein  nitrogen,  though, 
as  stated  above,  there  is  at  present  no  justification  for  expressing 
the  results  as  pure  protein.  Indeed,  as  will  be  pointed  out  later, 
this  so-called  protein  nitrogen,  in  the  present  instance,  contains  a 
large  proportion  of  nitrogen  in  a  form  wholly  unavailable  for  the 
nutrition  of  the  body. 

Soluble  carbohydrates  were  determined  in  an  approximate  manner 
by  extracting  the  dry  substance  repeatedly  with  hot  water  and  then 
boiling  the  extract  for  ten  hours  with  hydrochloric  acid  of  two  per 
cent  resulting  strength.  The  sugar  was  determined  as  dextrose  in 
the   neutralized  fluid,  by  the  Allihn   gravimetric  method. 

Experimental  Data. — Coprinus  co-  very  widely  in  size,  thirty-six  mush- 

matus  (Shaggy  coprinus).   The  speci-  rooms  weighing  1485  grams,  of  which 

mens  were  freshly  gathered  and  had  980   grams    belonged    to    the   caps 

not  yet  turned  "  inky."     They  varied  (pileus)  and  505  grams  to  the  stems. 

*  Cf.  At  WATER,  W.  O. :  Foods.  Nutritive  value  and  cost.  Farmers'  bulletin, 
No  23,  pp.  5,  6.     U.  S.  Dept.  of  Agriculture,  1894. 

'  WiNTERSTEiN  :  Berichtc  der  deutsch.  botan.  Gesellsch.,  xi,  p.  441 ;  also 
Zeitschr.  fiir  physiol.  Chemie,  1894,  xix,  p.  521;  1895,  xxi,  p.  134;  Gilson  :  La 
•cellule,  xi,  ler  fascicule. 

•  Cf.  MOrner,  C.  Th. :  Zeitschr.  fiir  physiol.  Chemie,  1886,  x,  506. 
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The  average  weight  of  a  fresh  speci- 
men was  thus : 

Pile  us      ....    27  grams. 
Stem 14      " 

Total  weight    .     .    41      " 

A  specimen  which  had  attained 
the  average  growth  weighed  : 

Pileus      ....    43  grams. 
Stem 25      " 

Total  weight    .    .    68      '* 

An  analysis  yielded  the  following 
results : 

Water 92.19  per  cent. 

Total  solids 7.81 

The  dry  substance  contained : 
Total  nitrogen      ....      5.79  per  cent. 
Extractive  nitrogen  .    .    .      3.87 
Protein  nitrogen  ....      1.92 

Ether  extract 33  " 

Crude  fibre 7.3  " 

Ash 12.5 

Material  soluble  in  85  per 

cent  alcohol     ....  56.3  " 

Coprinus  atramentarius  (Inky 
coprinus).  Two  separate,  freshly 
gathered  lots  of  this  species  were 
examined.  The  one  (a)  contained 
six  young  small  specimens  weighing 
5.5  grams,  or  0.9  gram  each;  the 
other  {J))  contained  eight  mushrooms 
weighing  12  grams,  or  1.5  grams 
each.     An  analysis  gave  : 

a.  b. 

Far  cent.     Ftr  cent. 

Water 9231        94.42 

Total  solids 7.69  5.58 

The  dry  substance  contained : 

Total  nitrogen      ....      4.68  4.77 

Ether  extract 3.1  5.7 

Crude  fibre 9.3  .... 

Ash 16.8  20.1 

Morchella  esculenta  (Common 
morel).  Two  lots  of  this  species 
were     obtained     from     Stockbridge, 


Mass.  {a)  The  specimens  were  of 
full  size.  Thirteen  morels  weighed 
195  grams,  or  an  average  of  15  grams 
each,  (b)  Small,  young  morels.  An 
analysis  gave : 


a. 


b. 


It. 


Water     .    . 

Total  solids 


89.54 
10.46 


91.24 
a76 

5.36 


7.5 

9.5 

13.6 


The  dry  substance  contained : 

Total  nitrogen      ....  4  66 

Extractive  nitrogen      .    .  1.17 

Protein  nitrogen  ....  3.49 

Ether  extract 4.8 

Crude  fibre 8.7 

Ash 10.4 

Material  soluble  in  85  per 

cent  alcohol    ....  293 


In  the  same  species  Pizzi  ^  has  found 
^•575  per  cent  nitrogen,  a  figure  in 
close  agreement  with  the  above  re- 
sults when  calculated  upon  the  fresh 
material,  viz.  {a)  0.48  per  cent  N; 
(b)  0.47  per  cent  N. 

Polyporus  sulphureus  (Sulphury 
polyporus).  The  specimens  were 
obtained  from  Pennsylvania.  An 
analysis  gave : 

Water 70.80  per  cent. 

Total  solids 29.20        " 

The  dry  substance  contained : 
Total  nitrogen     ....      3.29  per  cent. 
Extractive  nitrogen  ...      1.06 
Protein  nitrogen  ....      2.23 

Ether  extract 3.2 

Crude  fibre 3.0 

Ash 73 

Material  soluble  in  85  per 

cent  alcohol    ....  27.8         .... 

PUurottis  osireattis  (Oyster  mush- 
room). This  mushroom  is  obtain- 
able in  large  quantities,  and  though 
somewhat  tough  in  texture,  is  univer- 
sally classed  with  the  edible  species* 


*t 


« 


*i 


ti 
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*  Pizzi:  Botanischer  Jahresberlcht,  1889,  p.  316. 
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Specimens  gathered  from  a  tree  in  The   relatively   higher  content  of 

New  Haven  contained :  nitrogen   in   the   pileus   corresponds 

Water 73.70  per  cent.  ^^^^   ^^^  distribution  of  proteid   as 

Total  solids 2630       "  shown  by  histochemical  examination. 

The  dry  substance  contained .  In  Agaricus  campestris,  Boletus  edulis, 

Total  nitrogen     ....     2.40      "  and  Boletus  scaber,  C.  Th.  Morner 

Extractive  nitrogen  ...     1.27       "  has  found  similar  differences  between 

Protein  nitrogen  ....      1.13       '*  ^j^^   nitrogen   content   of    caps   and 

Ether  extract 1.6          "  ^                                     ^ 

Crude  fibre 7.5          *•  Stems.^ 

Ash     ........     6.1         *  Hypholoma   candoUeanutn?'      The 

Material  soluble  in  85  per  ."•                         u^  •      j   r          t:»     *. 

cent  alcohol     .    ...    31.5         "  specimens  were  obtained  from  East 

Milton,  Mass.,  in  June,  1897.     A  few 

Clitocybe    mulHceps.     Peck.     The  small,  young  specimens  were  also  ob- 

material  was  collected  near  Boston,  ^j^^^  f^om  Brookline,  Mass.    Analy- 

in  June,  1897.     A  portion  of  small,  ses follow: 

young  specimens  was  analyzed  sepa-  Full-grown    Younger 

rately.     The  results  follow :  specimens,  specimens. 

Young       FuU^own       ^^^^^ ^^         ^^ 

specimens.     Speamens.  .^^^^^^^.^               _     ^^^           8^3 

-^jj^gj. 89.61            93.49  The  dry  substance  contained: 

Total  solids     .    .    .     1039              6.51  Total  nitrogen      ...      4.28          4.44 

_.      ,         .   ^            *  ^u    r  11  Extractive  nitrogen .    .      1.79          .... 

The  dry  substance  of  the  fuU-grown  spea.  protcin  nitrogen  .    .    .      2.49         .... 

mens  contained :  ^^^^^  ^^^^^^^  ....      2.5 

Total  nitrogen      ....      5.36  per  cent.      crude  fibre 12.1 

Extractive  nitrogen .    .    .      338        *'  ^gj^ I3  9  ^9  9 

Protein  nitrogen  ....      1.98        "  Material  soluble  in  85 

Ether  extract 6.0         **  per  cent  alcohol  .    .    44.4 

Crude  fibre 9.6 

Ash 11.5         "  Agaricus     campestris     (Common 

Material  soluble  in  8s  per  mushroom).     Two  varieties  of  the 

cent  alcohol     ....    57.2         "  ,                               «         « 

common   mushroom   were   collected 

A  portion  of  the  mushrooms  was  in  New  Haven.     Fifteen  specimens 

separated  into  stems  and  caps  and  of  one  variety  weighed  42  grams,  an 

each   analyzed   separately,    with  the  average  weight  of  2.8  grams  each, 

following  results :  The  analysis  gave  : 

Stem,      Pileus,  a.            b. 

Hrowl.    Hr€«t.  Nreist.    Hrowl. 

Water 94.07        92.68       Water 87.88       92.20 

Total  solids 5.93  7.32       Total  Solids 12.12         7.80 

Total  nitrogen  in  dry  sub-  Total  nitrogen  in  dry  sub- 
stance      3.92          5.84             stance 4.42          4.92 

Ash  in  dry  substance    .    .    12.98        10.82  Ash  in  dry  substance    .    .    11.66        17.1S 

*  MOrner,  C.  Th. :  Zeitschr.  fiir  physiol.  Chemie,  1886,  x,  p.  510. 

*  The  specimens  corresponded  with  those  described  under  this  name  by  Stevenson 
in  his  work  on  British  Hymenomycetes.  Mr.  Hollis  Webster  has  informed  the 
writer  that  Professor  Farlow  is  inclined  to  regard  them  as  H.  apendiculatum. 
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Regarding  the  differences  in  nitro- 
gen content  of  cap  and  stein,  com- 
pare the  remarks  under  Clitocybe 
multiceps. 

Marasmius     arcades     ( Fairy- ring 
mushroom).      Twenty   freshly   gath- 
ered specimens  (from  New  Haven) 
weighed  9  grams,  an  average  weight  of 
0.45  grams  each.  The  analysis  gave  : 

Water 74.%  per  cent. 

Total  solids 25. 04 


Total  nitrogen  of  dry  sub- 
stance      5.97        ** 

Ash  of  dry  substance    .     .      7.23        " 

Cortinaritts  coUinitus  (Smeared 
cortinarius) .  Young  specimens  gath- 
ered in  New  Haven  early  in  Novem- 
ber, 1897.     The  analysis  gave  : 

Water 91.13  per  cent. 

Total  solids 8.87        " 

Total  nitrogen  of  dry  sub- 
stance      3.63        ** 


Digestion  Experiments. —  In  order  to  procure  further  data  regarding 
the  nutrient  value  of  the  mushrooms,  artificial  digestion  experiments 
were  carried  out  with  .seven  species  of  the  fungi.  The  procedure 
was  modified  after  the  Stutzer  method.  About  2.5  grams  dry  sub- 
stance were  treated  in  a  flask  with  100  c.c.  of  an  artificial  gastric  juice, 
containing  o.i  gram  very  active  scale  pepsin  and  having  an  acidity 
of  0.35  per  cent  HCl.  The  flasks  were  frequently  shaken,  and  after 
remaining  in  a  thermostat  at  38°  C.  for  twelve  hours,  the  undissolved 
residue  was  filtered  off,  washed  free  from  acid,  and  again  treated  in 
the  flask  for  several  hours  at  38°  C.  with  100  c.c.  amylolytically  active 
fresh  chloroform-water  extract  of  dog's  pancreas,  a  little  chloroform 
being  added  to  prevent  putrefaction  or  fermentation.  Sodium  car- 
bonate (0.25  gram)  was  then  added,  followed  by  25  c.c.  of  a  pro- 
teolytically  active  thymolized  extract  of  dry  pancreas  powder  (Kuhne's 
method. M  At  the  end  of  seven  hours  the  residue  was  again  filtered 
on  a  weighed  filter,  w-ashed  thoroughly  w-ith  hot  water,  and  dried  at 
105°  C.  to  constant  weight.  Undigested  residue  was  thus  determined, 
and  the  nitrogen  content  ascertained  by  the  Kjeldahl  method  and 
expressed  as  nitrogen  in  residue.  The  results  expressed  in  per- 
centages of  dry  substance  are  tabulated  below. 

Discussion  of  the  Analytical  Data.  Nitrogen  and  Protein.  From  the 
results  obtained  it  is  evident  that  the  nitrogen  (and  protcid)  content 
of  the  mushrooms  (or  at  least  those  species  examined)  is  considerably 
smaller  than  is  ordinarily  stated.  Thus  Pavy,  quoting  from  Payen's 
analyses,  announces  that  in  the  dried  state  **  mushrooms  contain  52 
per  cent,  morels  44  per  cent,  white  truffles  36  per  cent,  black  truffles 

*  See  Chittknden  and  Cummins  :  Studies  from  the  laboratory  of  physiologi- 
cal chemistry,  Vale  University,  i,  p.  109. 
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Species  Digested. 

Dissolved 
substance. 

Undigested 
residue. 

Nitrogen 

in 
residue. 

Total 
nitro- 
gen. 

Total 
nitrogen 
soluble. 

Total 

nitrogen 

insoluble. 

PtroMt. 

Hroant. 

FtrcMit. 

Psreist. 

P«ro«nt. 

FtroMt. 

Coprinus  comatus    .     .     . 

73.79 

26.21 

4.21 

5.79 

4.69 

1.10 

*'        atramentarius    . 

71.84 

28.16 

2.79 

4.68 

3.90 

0.78 

Clitocybe  multiceps     .    . 

62.43 

37.57 

1.96 

5.36 

4.63 

0.73 

Hypholoma  candolleanum 

68.02 

31.98 

3.63 

4.28 

3.12 

1.16 

Morchella  esculenta     .     . 

50.58 

49.42 

4.16 

4.66 

2.61 

2.05 

Pleurotus  ostreatus      .     . 

40.57 

59.43 

1.39 

2.40 

1.58 

0.82 

Polyporus  sulphureus  .     . 

45.00 

55.00 

1.05 

3.29 

2.71 

0.58 

3 1  per  cent,  nitrogenous  matter."  *  In  a  number  of  species  we  have 
determined  not  only  the  total  nitrogen,  but  also  the  extractive  (non- 
proteid)  nitrogen  as  well  as  the  nitrogen  in  the  residue  insoluble 
after  artificial  gastric  and  pancreatic  digestion.  The  "  protein " 
nitrogen  multiplied  —  after  deduction  of  the  nitrogen  in  the  undi- 
gested residue  —  by  the  factor  6.25  will  give  an  approximation  to  the 
amount  of  protcid  material  available  through  the  digestive  processes 
going  on  in  the  alimentary  canal,  and  thus  throw  some  light  on  the 
true  nutritive  value  of  the  mushrooms.  It  is  here  assumed  that  the 
nitrogenous  bodies  soluble  in  alcohol  are  likewise  soluble  in  the  di- 
gestive fluids ;  as  to  the  possible  presence  of  alcohol  soluble  proteids 
like  zein,  gliadin,  etc.,  definite  information  is  wanting  at  present. 

The  first  table  following  gives  a  summary  of  the  nitrogen  content 
of  various  species;  in  the  second  table  the  amount  of  available  proteid 
has  been  calculated  in  the  manner  referred  to. 

In  considering  the  relatively  high  nitrogen  content  of  the  residue 
resisting  digestion,  it  is  to  be  noted  that  this  is  not  necessarily  derived 
from  unattacked  proteids.  Winterstein  ^  and  others  have  shown  that 
the  *'  cellulose  "  preparations  obtained  by  the  usual  methods  from 
various  fungi  contain  a  considerable  percentage  of  nitrogen ;  thus  a 
preparation  from  Boletus  edulis  contained  5.5  per  cent  N,  and  this  sub- 
stance, like  similar  preparations  from  Agaricus  campestris,  Morchella 
esculenta  and   other  forms,  yields  glycosamin,  Q.HnOc.NH...,  on  de- 

*  Pavy  :  Food  and  dietetics,  1881,  p.  187. 

*  Winterstein  :  loc.  cit,;  also,  Berichte  der  deutschen  chemischen  Gesellschaft, 
1894,  xxvii,  p.  3113;  xxviii,  p.  167. 
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composition  with  HCl.  It  is  thus  allied  to  the  chitin  found  in  the 
animal  kingdom;  further  investigation  in  this  direction  is  highly 
desirable. 

I. 


The  percentages  are  calculated  on  the 
dry  substance. 


Coprinus  comatus 

Pleurotus  ostreatus 

Morchella  esculenta 

Hypholoma  candolleanum 

Clitocybe  multiceps 

Polyporus  sulphureus 

Agaricus  campestris  —  a 

«  "  if 

Coprinus  atramentarius  —  a      .    .    .    . 

"  "  b      .    ,    ,    , 

Morchella  esculenta  (young)     .... 

Marasmius  oreades 

Cortinarius  collinitus 

Hypholoma  candolleanum  (yOung)   .    . 


Total 
nitrogen. 

P«ro«i*. 


.S.79 
2.40 
4.66 
4.28 
536 
3.29 
4.42 
4.92 
4.68 
4.77 
5.36 
5.97 
3.63 
4.44 


I 


Extractive 


I     nitrogen. 
PeroMt. 


3.87 
1.27 
1.17 
1.79 
3.38 
1.06 


"Crude  pro- 
tein *^ 
nitrogen. 


1.92 
1.13 
3.49 
2.49 
1.98 
2.23 


II. 


The  percentages  are  calculated 

Nitrogen  in- 
soluble in 

Nitrogen  in 
residue  from 

Nitrogen  of 

proteid 
dissolved  in 

Digestible 

proteid 
(N  X  6.25). 

9.00 

on  the  dry  substance. 

85%  alcohol. 
fntmx. 

digestion. 

PWOMt. 

digestion. 
Ptromt. 

Morchella  esculenta      .    .    . 

3.49 

2.05 

1.44 

Hypholoma  candolleanum    . 

2.49 

1.16 

1.33 

8.81 

Coprinus  comatus    .... 

1.92 

1.10 

0.82 

6.12 

Clitocybe  multiceps      .    .    . 

1.98 

0.73 

1.25 

7.81 

Polyporus  sulphureus  .     .     . 

2.23 

0.58 

1.65 

10.81 

Pleurotus  ostreatus  .... 

1.13 

0.82 

0.31 

1.94 
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It  is  of  interest  in  this  connection  to  compare  the  results  obtained 
by  C.  Th.  Morner^  in  an  investigation  of  thirteen  species  of  fungi 
common  in  Sweden.  Nitrogenous  constituents  alone  were  considered, 
total  N  and  extractive  N,  as  well  as  digestible  and  indigestible  N 
being  determined  by  methods  analogous  to  those  used  in  the  present 
research.  Morner's  results,  summarized  in  the  following  table,  show 
a  close  agreement,  in  general,  with  those  already  given  for  different 
American  species. 


The  results  are  expressed  as  per- 
centage  of  dry  substance. 


Agaricus  procerus  (cap)  .... 
Agaricus  campestris  (cap)    .    .    . 

(stem)  .    .    . 

Lactarius  deliciosus 

"         torminosus 

Cantharellus  cibarius 

Boletus  edulis  (cap) 

"      (stem) 

"       scaber  (cap) 

"      (stem) 

"       luteus 

Polyporus  ovinus 

Hydnum  imbricatum 

'*        repandum 

Sparassis  crispa 

Morchella  esculenta 

Lycoperdon  Bo  vista 


0.28 
0.35 
0.10 
0.21 
0.17 
0.08 
0.16 
0.14 
0.18 
0.12 
0.22 
0.08 
0.08 
0.15 
0.09 
0.22 


C    0) 

«   CO 


2,71 
3.29 
2.78 
120 
0.79 
0.71 
1.9* 
1.62 
1.48 
0.87 
0.48 
0.42 
0.77 
1.08 
0.37 
1.97 
3.13 


boo 
•/ST   ^ 


2.99 
3.6* 
2.88 
1.41 
0.% 
0.79 
2.10 
1.76 
1.66 


0.99 


So  V 
•6  o 


1.27 
1.17 
1.09 
1.05 
1.00 
1.46 
0.65 
067 
085 


0.62 


c 
'5 

2 


0.70  1.06 

I 

0.50  ,  0.84 

0.as  1  0.76 

I 

1.23  I  1.55 

0.46  i  0.40 

2.19  !  1.90 

1 

3.13  2.70 


4.21 
4.89 
4.04 
2.51 
1.94 
2.29 
2.73 
2.35 
2.54 
1.71 
1.77 
1.35 
1.59 
2.78 
0.97 
4.18 
5.79 


> 


2.02 
2.49 
1.98 
0.60 
0.58 
0.40 
1.14 
0.95 
0.58 
0.48 
0.74 
0.45 
0.% 
0.74 
0.21 
081 
2.40 


o 


6.23 
7.38 
6.02 
3.11 
2.52 
2.69 
3.87 
330 
3.12 
2.19 
2.51 
1.80 
2.S5 
352 
118 
4.99 
819 


J 


Ether  Extract.  —  The  amount  of  ether  extract  varied  from  i  .6  to 
7.5  per  cent  in  different  species,  as  shown  in  the  following  summary 
of  results. 


^  MOrner,  C.  Th. :  Zeitschr.  fiir  physiol.  Chemie,  1886,  x,  p.  503. 
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ETHER   EXTRACT. 


Spkc  ies. 

Percentage  calcu- 
lated on  dry 
substance. 

Cholesterin. 

Morchella  esculenta  (young) 

Clitocvbe  muIticcDS 

7.5 
6.0 
4.8 
3.3 
3.2 
3.1 
2.5 
1.6 

Present. 

Morchella  esculenta 

Coorinus  comatus 

Polyporus  sulphureus 

Coprinus  atramentarius 

Hypholoma  candolleanum 

Pleurotus  ostreatus 

Gerard  ^  examined  the  extract  from  Lactarius  vellereus  and  L.  pipe- 
ratiis,  and  found  oleic  and  stearic  acids  present  both  as  glycerides  and  as 
free  acids.  Volatile  fatty  acids  were  also  obtained,  together  with  chole- 
sterin or  a  closely  related  body  (ergosterin),  and  evidences  of  lecithin. 
In  the  present  research  both  fats  and  free  fatty  acids  were  found,  and 
cholesterin  reactions  were  obtained  in  every  instance,  the  quantitative 
relations  apparently  varying  considerably  in  the  different  species. 

Alcohol  Extract.  —  The  following  summary  shows  the  amount  of 
material  soluble  in  warm  85  per  cent  alcohol  in  a  number  of  species. 

ALCOHOL   EXTRACT. 


The  percentages  are  calculated  on  the 
dry  substance. 


Clitocybe  multiceps  .  .  . 
Coprinus  comatus  .  .  . 
Hypholoma  candolleanum 
Pleurotus  ostreatus    .     .     . 


Morchella  esculenta 
Polyporus  sulphureus 


Percentage  of  sol- 

Percentage of  ni 

uble  material. 

trogen  dissolved 

57.2 

3.38 

56.3 

3.87 

44.4 

1.79 

31.5 

1.27 

29.3 

L17 

27.8 

1.06 

1  GERARD:  Journal  de  pharmacie  et  de  cbimie,  1890,  5  Sdrie,  xxi,  p.  408;  ibid. 
189?,  xxiii,  p.  7.  References  to  the  earlier  literature  will  be  found  in  the  first  of 
these  papers. 
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Inorganic  constitaentB.  —  The  amount  of  ash  varied  somewhat,  as 
shown  in  the  table  below.  Among  the  bases  present,  K,  Na,  and 
sometimes  Ca  are  to  be  found,  the  K  being  quite  abundant.  Iron 
was  always  present.  Of  acids,  phosphoric  and  sulphuric  predomi- 
nated, chlorine  being  occasionally  found. 

ASH. 


The  percentages  are  calculated  on  the 
dry  substance. 

Per  cent. 

Coprinus  atramentarius  —  a       

-  b  (young) .     .     . 
"        comatus 

16.8 
20.1 
12.5 
13.9 
19.9 
10.4 
13.6 
11.7 
17.2 
11.5 
13.0 
108 
7.3 
7.2 
6.1 

Hypholoma  candolleanum  —  a 

—  b  (youni)  .     . 

Morchella  esculenta  —  a 

''         —b  (young)    .... 

Agaric  us  campestris  —  a 

«                "              b 

Clitocybe  multiceps 

(stems) 

(pileus) 

Polyporus  sulphureus 

Marasmius  oreades    ^     .     .     .          .... 

Pleurotus  ostreatus 

Crude  Fibre.  —  Under  this  name  is  included  the  residue  resistant 
to  boiling  acids  and  alkalis,  and  scarcely  to  be  considered  as 
homogeneous  in  nature.  The  results  of  the  analyses  are  tabulated 
below. 

It  has  already  been  pointed  out  that  the  cellulose  of  the  fungi  con- 
tains nitrogen  in  many  instances,  and  Winterstein  ^  has  shown  that 
the  latter  is  not  due  to  proteids  or  nucleins  mechanically  included ; 

*  Winterstein  :  Berichte  d.  deutsch.  chem.  Gesellsch.,  xxviii,  p.  167  :  Zeitschr. 
fiir  physiol.  Chemie,  1894,  xxix,  p.  521. 
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the  nitrogen  probably  belongs  to  the  "  cellulose  "  itself.  All  attempts 
to  separate  the  nitrogenous  constituent  from  the  portion  which  yields 
sugar  on  hydrolysis  have  failed. 


CRUDE   FIBRE. 


The  percentages  are  calculated  on  the 
dry  sul)8tance. 

Per  cent. 

Ilypholoma  candolleanum 

Clitocybe  multiceps 

Coprinus  atramentarius 

Morchella  esculenta  (young) 

12.1 
9.6 
9.3 
9.5 
8.7 
7.5 
7J 
3.0 

Pleurotus  ostreatus 

Coorinus  comatus 

Polyporus  sulphureus 

Soluble  Carbohydrates. — A  considerable  portion  of  the  solids  of 
the  mushrooms  is  made  up  of  soluble  carbohydrates,  while  starch  is 
ordinarily  not  found.  Trehalose,  a  carbohydrate  of  the  formula 
CisHgoOn.  and  resembling  maltose  in  some  respects,  has  been  isolated 
from  a  number  of  species ;  ^  and  in  an  extensive  series  of  investiga- 
tions Bourquelot^  has  described  a  number  of  carbohydrates  including 
mannite. 

In  order  to  get  some  idea  of  the  amount  of  soluble  carbohydrates 
present  a  number  of  experiments  were  carried  out  in  the  manner 
described  under  the  methods  of  analysis.  Since  trehalose,  for  ex- 
ample, cannot  be  quantitatively  converted  into  dextrose  by  hydrolysis 
with  acids,  ^  the  results  of  analysis  must  be  somewhat  low.  Never- 
theless the  data  may  be  of  comparative  interest  as  indicating  a  high 
content  of  soluble  carbohydrate. 

^  WiNTERSTEiN :  Zeitschf.  fuf  physiol.  Chemie,  1894,  xix,  p.  70.  The  refer- 
ences to  earlier  literature  are  given. 

*  These  investigations  were  published  in  a  series  of  papers  in  the  Comptes 
rendus  and  other  scientific  journals. 

•   WlNTERSTElN  :     1 894,  loc.  Ct't.,  xix,  p.  JJ, 
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DEXTROSE   FROM    HYDROLYSIS   OF   WATER-SOLUBLE 

CARBOHYDRATES. 


The  percentages  are  calculated  on  the 
dry  substance. 

Per  cent. 

Pleurotus  ostreatus 

18.6 
18.0 
15.3 
12.2 

CoDrinus  comatus 

Morchella  esculenta 

Polyporus  sulphureus 

To  what  extent  these  soluble  carbohydrates  are  available  for  absorp- 
tion in  their  natural  form  or  after  digestion  it  is  impossible  at  present 
to  say.  Such  qualitative  tests  as  were  made  showed  them  to  be 
transformed  to  reducing  sugars  rather  slowly  by  the  action  of  saliva. 
The  large  undigested  residues  (26-59  per  cent)  found  in  artificial 
digestions  likewise  suggest  that  they  are  not  completely  transformed 
in  the  alimentary  canal.  Reference  may  here  be  made  to  the  observa- 
tions of  Stone  ^  in  feeding  experiments  on  animals.  He  found  that 
the  pentosans,  which  are  so  widely  distributed  in  vegetable  foods,  are 
to  a  marked  degree  less  digestible  than  the  carbohydrates,  with  which 
they  have  usually  been  indiscriminately  classed  in  analyses. 

After  the  presentation  of  the  preceding  analytical  data  it  wil! 
scarcely  be  necessary  to  draw  any  elaborate  comparison  between  the 
fungi  and  other  well-known  vegetable  substances  considered  as  food- 
stuffs. It  may  be  well  to  emphasize  the  deficiencies  of  the  methods 
commonly  followed  in  estimating  the  proteid  content  of  vegetable 
foods,  and  to  call  attention  to  the  erroneous  inferences  which  are  con- 
sequently drawn  regarding  the  nutrient  value  of  these  products. 
Thus  it  is  not  unusual  in  the  construction  of  dietetic  tables  to  multiply 
the  weight  of  nitrogen  obtained  by  6.25  and  to  express  the  result  as 
"  crude  proteids."  ^  But  even  where  the  precaution  has  been  taken 
to  remove  non -proteid  nitrogenous  bodies  by  extraction  with  alcohol, 
the  application  of  the  **  proteid  factor  "  (6.25 )  to  the  N.  of  the  residue 
may  be  quite  misleading;  for  our  results  have  demonstrated  that  the 
amount  of  unavailable  nitrogenous  material  —  largely,  if  not  entirely,. 

*  Stone  :  American  chemical  journal,  1894,  xiv,  p.  13. 

*  Cf.  Wiley  :  Agricultural  analysis,  1897,  iii,  p.  543. 


2  38  L.  B.  Mendel. 

non-proteid  in  nature  —  is  frequently  equivalent  to  over  half  of  the 
non-extractive  nitrogen  present  (cf  Table  II,  p.  232).  When  it  is 
remembered  that  the  various  species  of  mushrooms  examined  contain 
from  75  to  90  per  cent  of  water,  the  amount  of  proteid  in  them  appears 
strikingly  small  even  when  calculated  on  the  total  nitrogen  in  the 
fungi. ^  For  example,  Morchella  esculenta,  a  species  of  average  com 
position  as  regards  total  solids  (10.5  per  cent)  and  nitrogenous  con- 
stituents (0.48  per  cent  N)  could  contain  as  a  possible  maximum 
only  three  per  cent  of  proteid,  corresponding  in  this  respect  with  pota- 
toes, peas,  green  corn,  etc. ;  *^  the  vegetarian  w^ould  thus  be  obliged 
to  consume  several  kilos  of  the  fresh  morel  to  obtain  the  daily 
requisite  of  100  grams  of  proteid.  The  expression  **  vegetable  beef- 
steak" accordingly  seems  scarcely  appropriate  when  applied  to 
mushrooms  in  a  strictly  chemical  sense.  Moreover,  the  comparative 
poverty  of  many  species  in  proteids  is  corroborated  by  the  results  of 
other  investigations  now  in  progress  in  this  laboratory,  the  yield  of 
isolated  substance  being  quite  small.  The  fungi  thus  form  no  excep- 
tion to  the  ordinary  classes  of  fresh  vegetable  foods ;  indeed,  they 
take  a  decidedly  inferior  rank  in  comparison  with  many. 

The  carbohydrate  content  of  the  fungi  is  relatively  high ;  but  until 
more  is  known  regarding  the  nature  and  digestibility  of  the  carbohy- 
drate constituents  of  various  vegetable  foods,  it  will  be  useless  to 
draw  comparisons.  As  dietetic  accessories  the  edible  fungi  may  play 
an  important  part ;  but  investigation  has  demonstrated  that  they  can- 
not be  ranked  with  the  essential  foods. 

^  Cf.  MOrnkr,  C.  Th.  :  Zeitschr.  fiir  physiol.  Chemie,  1886,  x.  p.  515. 
-  Cf.  Atwater,  W.  O.  :  Foods :  nutritive  value  and  cost,  loc.  cit,,  p.  27. 
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A  CURSORY  glance  at  a  tabulated  list  of  the  voluminous 
literature^  treating  of  the  union  of  nerves  after  division  will 
indicate  that  many  eminent  experimental  investigators  have  zealously 
re-studied  and  discussed  this  subject  ever  since  the  historical  experi- 
mental results  of  Cruickshank  *^  were  announced. 

An  analysis  of  this  voluminous  physiological  and  surgical  literature 
fully  substantiates  the  present  consensus  of  opinion  that  if  the  cut 
ends  of  the  central  and  peripheral  portions  of  a  recently  divided 
mixed  nerve  be  brought  into  apposition,  complete  restoration  of 
function  may  ultimately  occur  in  the  peripheral  portion.  Further, 
the  results  of  a  number  of  physiologists  (Flourens,^  Bidder,^  Schiff,^ 
Philippcau  and  Vulpian,^  Reichert,'  Howell  and  Huber,'  and  others) 
indicate  that  if  the  central  end  of  one  divided  mixed  nerve  be  sutured 
to  the  peripheral  end  of  another  mixed  nerve,  union  of  the  two  ends 
may  ultimately  occur,  and  the  function  of  the  nerve  fibres  of  the 
peripheral  portion  be  re-established.  That  is  to  say,  the  nerve  fibres 
composing  the  peripheral  portion  regain  their  function  of  conductivity 
as  well  as  the  property  of  irritability.     Degenerated   muscle  fibres 

*  For  the  full  bibliography  of  this  subject  to  1892  the  reader  is  referred  to  tlie 
paper  of  Howell  and  Huber,  Journal  of  physiology,  1892,  xiii,  p.  335. 

^  Cruickshank:  Philosophical  transactions,  1795,  xvii.  See  also  Fontana*s 
description  (Sur  le  venin  de  la  vip^re,  etc.,  Florence,  1781,  p.  177)  of  Cruickshank's 
experiments. 

'  Flourens:  Recherches  exp^rimentales  sur  les  proprieties  et  les  fonctions  du 
syst^me  nerveux,  1824,  p.  272. 

*  Bidder:  Archiv  fur  Anat.,  Physiol.,  und  wissensch.  Medicin,  1842,  p.  102; 
Archiv  fur  Anat.  u.  Physiol.,  1865,  p.  246. 

*  ScHiFF:  Journal  de  la  physiologie,  i860,  iii,  p.  217 

*  Philippeau  and  Vulpian:  Journal  de  la  physiologie,  1864,  vi,  p.  421  and  474. 
'  Reichert,  E.  T.  :  American  journal  of  the  medical  sciences,  1885,  January. 

*  Howell  and  Huber  :  Journal  of  physiology,  1892,  xiii,  p.  335 ;  1893,  xiv,  p.  i. 
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innervated  by  the  peripheral  portion  of  the  nerve  also  regenerate  and 
again  contract  to  the  stimulus  of  a  nerve  impulse.  * 

If  successful  union  of  crossed  nerves  can  be  obtained,  it  is  evident 
that  when  the  motor  nerve  (N)  of  a  group  of  muscles  (M)  has  united 
to  the  peripheral  portion  of  a  motor  nerve  (n)  of  a  group  of  muscles 
(m).  and  vice  versa,  the  group  of  muscles  (m)  must  receive  their 
nerve  impulses  from  that  group  of  spinal  nerve  cells  from  which 
the  nerve  impulses  to  the  group  of  muscles  (M)  formerly  emanated. 
Similarly,  the  cells  of  origin  of  the  nerve  (n)  will  supply  the  nerve 
impulses  to  the  muscles  (M).  Although  a  very  decided  change  in 
the  destination  of  the  impulses  from  the  spinal  cells  of  origin  of  the 
two  nerves  has  been  produced  by  the  crossing,  the  central  relations 
of  those  spinal  cells  with  each  other,  with  other  groups  of  cells,  and 
with  the  neuraxons  of  the  cells  of  the  cerebral  cortex  have  not  been 
anatomically  altered  by  simple  division  and  suture  of  the  peripheral 
nerve  trunks. 

Modern  histological  methods  reveal,  to  some  degree  at  least,  how 
intricate  and  how  wide-reaching  are  the  connections  which  exist 
between  the  various  central  nervous  mechanisms.  Naturally,  there- 
fore, the  old  question  investigated  long  ago  by  Flourens  again  arises 
as  to  whether,  or  no,  the  intricately  connected  central  nervous  mechan- 
isms are  in  reality  capable  of  adjusting  themselves  to  the  new  state  of 
affairs,  so  that  the  individual  regains  complete  coordinate  control  of 
the  muscles  supplied  by  the  crossed  nerves.  Further,  if  the  nerve  to. 
a  group  of  muscles  which  are  rhythmically  contracting  and  relaxing 
in  response  to  rhythmical  nerve  impulses  discharged  by  a  certain 
group  of  nerve  cells  in  the  medulla  or  in  the  spinal  cord,  be  divided 
and  crossed  with  the  central  portion  of  another  motor  nerve,  will  the 
nerve  cells  from  which  the  axis  cylinders  of  the  latter  arise  ultimately 
become  a  rhythmically  discharging  group  and  entirely  assume  the 
function  of  the  rhythmically  discharging  cells  after  the  regeneration 
of  the  united  crossed  nerves  and  muscles? 

With  a  view  of  obtaining  a  definite  answer  to  the  two  preceding 
questions,  the  various  experiments  described  in  this  paper  were 
performed. 

Previous  Work  on  the  Subject.  —  Although  various  authors,  following 
in  the  footsteps  of  Flourens,  have  divided  and  crossed  different  nerve 
trunks,  motor  nerves  to  supposedly  sensory  nerves  and  vice  versa^ 
and  mixed  nerves  to  other  mixed  nerves,  none  of  these  authors  has 
investigated  the  muscular  movements  that  occur  in  an  animal's  leg 
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with  crossed  nerves  when  the  motor  cortex  is  electrically  or  other- 
wise stimulated.  Nor  do  they  appear  to  have  studied  the  effects 
upon  the  rhythmical  respiratory  and  other  movements  of  the  vocal 
cords  that  may  follow  the  crossing  of  one  recurrens  with  another 
motor  nerve.  Most  of  the  earlier  investigators  busied  themselves 
with  the  solution  of  the  problem  as  to  whether,  or  no,  sensory  nerves 
would  unite  to  motor  nerves  and  vice  versa,  with  the  ultimate  re- 
establishment  of  the  function  of  the  united  portions.  It  is  almost 
needless  to  point  out  that  the  results  of  such  attempts  do  not  come 
within  the  scope  of  this  paper.  Consequently  I  confine  myself  to  a 
brief  review  of  those  previous  observations  that  more  directly  bear 
upon  a  part  of  my  own  experiments. 

According  to  Flourens'  ^  description  of  his  celebrated  experiments, 
the  two  principal  trunks  of  the  brachial  plexus  in  a  cock  were  cut, 
and  the  peripheral  end  of  the  trunk  supplying  the  upper  surface  of 
the  wing  was  sutured  to  the  central  end  of  the  other  trunk,  supply- 
ing the  lower  surface  of  the  wing.  At  the  end  of  several  months  the 
bird  had  regained  perfect  use  of  the  extremity  of  the  wing,  which  no 
longer  dragged,  and  served  for  flying  ( ?)  as  well  as  before  the  experi- 
ment. When  the  nerves  were  exposed,  they  had  completely  united 
in  the  order  in  which  they  had  been  placed,  the  inferior  end  of  one 
nerve  being  continuous  with  the  superior  end  of  the  other,  and  vice 
versa.  In  describing  the  physiological  investigation  of  these  united 
nerves,  Flourens  writes :  ^  "I  pinched  the  nerves  above  the  point 
of  their  reunion,  —  the  wing  moved  at  once,  and  the  animal  cried  ;  I 
pinched  them  below,  and  the  animal  felt  it  as  before,  and  his  wing 
moved  again ;  the  same  thing  took  place,  when  I  pinched  the  enlarged 
point  of  reunion.  And  further,  when  I  pinched  the  superior  nerve 
above  the  point  of  reunion,  the  muscles  of  the  lower  surface  of  the 
wing  contracted ;  and,  on  the  contrary,  the  muscles  of  the  upper 
surface  of  the  wing  contracted  when  I  pinched  the  inferior  nerve, — 
always  above  the  point  of  reunion." 

1  Flourens:  loc.  cit. 

2  **  Je  pin^ai  ces  nerfs  au-dessus  du  point  de  leur  reunion,  Taile  se  mut  aussitdt 
et  Tanimal  cria;  je  les  pinqai  au-dessous,  Tanimal  le  sentit  de  mfime,  et  son  aile  se 
mut  encore;  pareille  chose  eut  lieu,  quand  je  pineal  le  point grossi ^c  la  reunion. 
£t  de  plus,  quand  je  pinqais  le  nerf  supdrieur  au-dessus  du  point  de  la  rdunioHy 
c^^taient  les  muscles  de  la  face  inf<5rieure  de  Taile  qui  se  contractaient ;  et  c'dtait, 
au  contraire,  les  muscL»s  de  la  face  supdrieure  de  Taile  qui  se  contractaient  quand 
je  pingais  le  nerf  inferieur,  toujours  au-^ssus  du  point  de  la  r/unionJ^ 
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While  this  result  of  Flourens  appears  to  be  all  that  one  could 
desire,  the  observer  neglects  to  state  whether  the  action  of  the 
tensors  of  the  patagium,  the  nerves  of  which  were  probably  not 
divided,  was  taken  into  consideration  and  properly  excluded.  No 
mention  is  made  of  a  microscopical,  or  even  of  a  very  careful  ana- 
tomical examination  of  the  tissue  between  the  necessarily  adjacent 
crossed  trunks.  If  the  central  and  peripheral  ends  of  the  nerves 
in  reality  united  with  each  other  without  the  formation  of  a  single 
nerve  fibre  between  the  two  adjacent  points  of  suture,  the  fact  is 
all  the  more  remarkable,  for  no  special  precautions  seem  to  have 
been  taken  at  the  primary  operation  to  prevent  the  latter  occur- 
rence, although  such  a  new  formation  will  invariably  occur,  accord- 
ing to  the  experience  of  the  writer,  unless  prevented  by  some  such 
method  as  is  described  below. 

In  other  cocks  and  in  a  duck,  Flourens  sutured  the  central  end 
of  the  fifth  cervical  nerve  to  the  peripheral  end  of  the  divided 
vagus,  and,  after  the  expiration  of  a  number  of  months,  divided  the 
other  vagus.  All  the  birds  died  in  from  one  to  four  days  after 
the  latter  operation.  Information  regarding  the  return  of  irritability 
to  the  united  nerves  is  not  given,  but  evidently  the  vagal  functions 
had  not  been  re-established  via  the  nucleus  of  the  fifth  cervical 
nerve. 

The  experiments  on  dogs  by  Philippeau  and  Vulpian,^  in  which 
the  central  end  of  the  vagus  was  crossed  with  the  peripheral  end  of 
the  hypoglossal  and  vice  vcrsa^  only  tend  to  show  that  mixed  nerves 
of  different  origin  are  capable  of  union,  and  throw  no  light  upon  the 
positive  restitution  of  voluntary  coordinate  control  of  the  groups  of 
muscles  supplied  by  the  above  mentioned  nerves.  These  observers 
concluded  that  although  the  central  end  of  the  vagus  would  unite 
to  the  peripheral  end  of  the  hypoglossus,  the  nerve  fibres  of  the 
peripheral  part  of  the  hypoglossus  would  not  recover  their  connec- 
tions with  their  exciting  nerve-centre,  and  the  hypoglossus  would 
be  but  an  instrument  at  the  command  of  the  functional  centre  of  the 
motor  fibres  contained  in  the  cervical  part  of  the  vagus ;  a  conclu- 
sion that  seems  to  be  substantiated  by  the  results  of  the  later  experi- 
ments of  Rcichert.^ 

After  suturing  in  five  dogs  the  central  end  of  one  vai^us  to  the  pe- 
ripheral end  of  the  hypoglossus,  Rcichcrt  found,  after  the  nerves  had 

*  Philippeau  and  Vulpian  :  Journal  de  la  physiologic,  1864,  P-  421. 

*  Reichert,  E.  T.  :  American  journal  of  medical  sciences,  18S5,  January. 
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united,  that  certain  areas  were  present  in  the  partially  atrophied  half 
of  the  tongue,  which  contracted  synchronously  with  inspiration  or 
with  expiration,  and  concluded  that  the  motor  fibres  of  the  vagus 
had  actually  become  united  to  similar  fibres  in  the  trunk  of  the 
hypoglossal,  and  that  the  hypoglossal  fibres  conveyed  impulses 
which  were  peculiar  to  the  vagus  apparatus. 

Rawa^  has  obtained  such  remarkably  incredible  results  after  cross- 
ing nerves  of  different  destination,  and  also  nerves  of  special  function, 
that  one  would  naturally  suspect  that  his  observations  and  methods 
must  be  fault>'.  For  instance,  we  are  told  in  regard  to  the  cats 
in  which  the  hypoglossus  was  sutured  to  the  vagus  and  vice  vcrsa^ 
"  that  of  the  entire  number  of  cats  only  six  survived.  Four  of  these 
cats  (Nos.  4,  7,  9,  10)  had  the  left  central  stump  of  the  hypoglossus 
sutured  to  the  peripheral  vagus ;  two,  a  similar  crossing  of  the  nerves 
on  the  right  side.  In  two  other  cats  (12  and  14)  the  central  vagus 
was  sutured  to  the  peripheral  hypoglossus  on  the  left  side,  and  in 
cat  No.  16  on  the  right  side.'*  At  the  expiration  of  16-20  months, 
the  right  vagus  was  cut  in  cats  4  and  7,  and  both  animals  promptly 
died  within  five  days.  In  cat  12,  section  of  the  opposite  hypoglossal 
nerve  was  followed  by  loss  of  power  to  move  the  tongue.  In  cat  16, 
after  the  opposite  hypoglossal  was  cut,  no  movements  of  the  tongue 
were  present,  but  in  a  few  days  the  tongue  was  slowly  moved,  being 
contracted  to  the  left,  but  the  animal  was  killed  at  the  end  of  six 
weeks.  On  page  310,  cats  9,  10,  and  11  are  said  to  have  died  very 
shortly  after  the  primary  operation,  although  cats  9  and  10  were 
previously  included  among  the  six  ( ?)  cats  that  survived  the  section 
of  one  vagus.  Likewise,  one  finds  that  cat  No.  8,  previously  unin- 
cluded  in  the  number  of  cats  surviving  the  section  of  the  right  vagus, 
was  operated  on  16-20  months  after  the  primary  operation,  and  two 
centimetres  of  the  left  vagus  were  excised.  Five  days  later,  fearing 
to  lose  the  animal,  it  was  used  for  an  experiment,  for  the  details  of 
which  the  reader  is  referred  to  the  original  paper.  Rawa's  experi- 
ence leads  him  to  conclude  that  (i)  "after  the  peripheral  portion  of 
a  nerve  supplying  a  certain  muscle  has  united  to  the  central  end  of 
a  nerve  that  supplies  another  muscle,  the  function  of  the  former 
muscle  becomes  restored.  (2)  The  direction  of  the  voluntary  motor 
impulses  may  be  altered  as  one  pleases,  and  the  impulses  will  always 
accommodate  themselves  to  the  peripheral  nerve  endings."  As  a 
result  of  his  experiments  in  crossing  the  hypoglossal  and  vagus,  he 

*  Raw  A :  Archiv  fiir  Physiologic,  1885,  P*  296. 
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likewise  concludes,  "  that  the  central  nervous  mechanisms  can  inner- 
vate organs  that  formerly  did  not  connect  with  them,  as  soon  as  those 
organs  become  connected  to  them  by  nervous  conductors."  "  Nerve 
centres  will,  by  practice,  supply  exactly  what  the  peripheral  organs 
with  which  they  became  connected  require  of  them." 

Howell  and  Huber  ^  crossed  the  ulnar  and  the  median  nerves  in 
dogs  and  succeeded  in  getting  the  crossed  nerves  to  unite  without 
the  formation  of  a  cicatrix,  common  to  all  the  ends.  They  found,  to 
quote  these  observers  verbatim,  "  that  at  the  second  day  after  the 
operation,  with  both  median  and  ulnar  cut  on  the  left  side  high  in 
the  arm,  and  with  the  ulnar  cut  on  the  right  side  at  the  level  of 
the  elbow,  there  was  very  little  evidence  of  any  paralysis  or  even 
awkwardness."  "  Before  the  end  of  the  first  week  the  animal  was 
running  around  in  perfect  freedom,  and  the  closest  scrutiny  could 
detect  no  awkwardness  of  movement  except  possibly  in  running 
rapidly  up  stairs  he  would  frequently  stumble  with  his  front  feet;  but 
whether  this  was  due  to  the  unusual  innervation  of  the  muscles,  or 
was  caused  by  the  over-zealous  activity  characteristic  of  young  dogs 
generally,  could  not  be  determined."  The  close  relation  between 
the  origin  and  distribution  of  the  median  and  ulnar  nerves  led  these 
observers  to  remark  that  "  a  more  interesting  suture  would  probably 
be  one  bet\veen  the  musculo-spiral  and  ulnar  in  which  centres  of  ori- 
gin of  extensor  fibres  would  be  obliged  to  innervate  flexor  muscles." 
They  considered  there  was  no  histological  or  physiological  obstacle 
to  such  a  union,  but  considerable  awkwardness  of  movement  in  the 
beginning  might  attend  the  functional  use  of  the  nerve  by  the  animal. 
Judging,  therefore,  from  the  results  of  Howell  and  Huber  it  would 
appear  that  such  nerves  as  the  ulnar  and  the  median,  which  innervate 
in  the  dog  synergic  groups  of  muscles,  are  not  the  ones  to  choose 
for  crossing  when  it  is  desired  to  investigate  the  return  of  voluntary 
coordinated  movements  in  muscles  innervated  by  crossed  nerves. 
The  suture  of  two  nerves  supplying  antagonistic  groups  of  muscles 
will  yield  results  that  can  be  more  accurately  interpreted. 

From  the  preceding  brief  historical  review  it  is  evident  that  there 
is  room  for  considerable  doubt  as  to  whether  the  central  nervous 
mechanisms  concerned  in  volition  and  coordination  will  in  reality 
adjust  their  nervous  discharges  so  that  a  grown  animal  will  regain 
full  control  of  antagonistically  acting  groups  of  muscles  after  their 
nerve  trunks  have  been  crossed. 

^  Howell  and  Huber  :  Journal  of  physiology,  1892,  xiii,  p  335. 
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Methods. —  All  the  successful  experiments  were  performed  upon 
dogs.  In  two  monkeys  which  I  had  hoped  would  prove  more  suit- 
able than  dogs  for  this  variety  of  experiment,  the  ulnar  and  the 
median  nerves  were  crossed  with  the  musculo-spiral  nerve,  but  as  the 
experiments  were  not  a  success,  no  further  mention  need  be  made  of 
them.  Ether  anaesthesia  was  employed  for  every  operation,  and  all 
the  operations  except  the  last  were  performed  with  the  strictest 
aseptic  and  antiseptic  precautions.  After  the  cerebral  cortex,  etc., 
had  been  investigated  at  the  final  operation,  the  animals  were  killed 
with  an  overdose  of  the  anaesthetic. 

The  nerves  were  divided  with  a  sharp  razor  and  sutured  with  fine 
catgut  prepared  by  the  writer's  formalin  method.^  Usually  two  to 
four  fine  sutures  were  employed.  After  the  crossed  nerves  had  been 
sutured,  broad  pieces  of  fascia  covering  the  neighboring  pectoral  and 
other  muscles  were  dissected  off,  and  both  of  the  apposed  crossed 
nerves  were  gently  wrapped,  for  about  three-quarters  of  an  inch 
above  and  below  the  point  of  suture,  in  separate  pieces  of  this  thin 
tissue,  which  was  then  sutured  with  fine  catgut  sutures  to  the  fascia 
of  the  adjacent  muscles.  In  all  the  experiments  upon  the  ulnar, 
median,  and  musculo-spiral  nerves,  the  common  branch  from  the 
musculo-cutaneous  nerve  to  the  median  was  entirely  excised,  its  point 
of  origin  from  the  musculo-cutaneous  being  Hgated  with  a  silk  liga- 
ture. The  wound  was  sutured  with  No.  2  catgut,  dressed  with  bi- 
chloride of  mercury  gauze,  the  whole  limb  wrapped  in  cotton, 
bandaged,  and,  finally,  put  in  plaster  of  Paris.  The  plaster  not  only 
encased  the  toes,  but  also  covered  the  shoulder,  and  passed  around 
the  upper  part  of  the  thorax  and  the  lower  part  of  the  neck.  The 
fore  limb  was  thus  kept  perfectly  at  rest  for  at  least  three  weeks.  The 
plaster  bandage  was  then  removed,  to  be  immediately  replaced  by  a 
clean  one  that  was  allowed  to  remain  on  the  dog  for  four  to  six  weeks. 
If  any  tendency  to  ulceration  became  evident  after  the  removal  of  the 
plaster,  it  was  again  applied  for  two  to  four  weeks,  or  longer,  until  the 
vitality  of  the  tissues  had  sufficiently  recovered  to  resist  external 
sources  of  irritation.  Consequently,  by  carefully  protecting  the 
peripheral  parts,  the  majority  of  the  dogs  did  not  exhibit  the  ulcera- 
tive disturbances  that  are  very  liable  to  occur  in  the  unprotected 
skin  of  the  wrist,  toes,  etc.,  after  division  of  the  chief  nerve  supply  of 
that  region. 

Previous  to  the  operation,  it  was  found  that  many  of  the  dogs 
^  Cunningham  :  New  York  medical  journal,  1895,  April  20. 
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would  give  the  paw,  and  some  of  the  remainder  were  easily  taught  to 
do  it  also ;  a  circumstance  that  was  later  of  great  assistance  in  judging 
whether,  or  no,  the  recovery  of  coordinated  voluntary  control  of 
the  muscles  concerned  in  that  movement  had  occurred.  Other 
methods  of  testing,  such  as  running  up  a  flight  of  steps,  holding  a 
bone  after  the  bandaging  of  the  uninjured  foot,  etc.,  were  also  used. 
For  the  electrical  investigation,  adu  Bois  induction  coil  by  Reininger, 
Gebbert,  and  Schall  was  employed.  The  primary  circuit  of  the  coil 
was  attached  to  the  mains  of  the  1 15-volt  illuminating  current  with  a 
sixteen  candle-power  lamp  in  series  with  the  primary  of  the  coil ;  .5 
ampere  of  current  was  registered  by  the  ammeter  when  the  hammer 
was  in  action.  During  the  electrical  examination,  insulating  rubber 
was  placed  under  the  nerves  to  prevent  the  escape  of  current  to 
neighboring  ner\'es. 

After  the  animals  had  been  killed,  very  careful  dissections  of  the 
united  nerves  were  made.  In  the  animals  referred  to  in  this  paper  it 
was  found,  unless  it  is  specially  mentioned  to  the  contrary,  that  the 
crossed  nerves  had  united  in  the  position  in  which  they  had  been 
sutured,  and  that  they  were  not  united  in  a  common  cicatrix.  If  the 
adjacent  united  nerves  were  at  all  firmly  adherent,  the  result  was  con- 
sidered questionable,  and  was  thus  rejected. 

Experiments.  —  I.  Central  portion  of  right  ulnar  sutnred  to  the  pe- 
ripheral end  of  the  right  median  ;  and  the  central  median  to  the  distal 
ulnar. 

Dog  I. —  Operation  January  8,  1895.  Plaster  bandage  removed 
January  12,  and  wound  found  to  be  healing  by  first  intention.  On 
allowing  the  dog  to  run  about,  it  did  not  appear  to  limp  or  seem 
much  inconvenienced  by  the  loss  of  the  functional  use  of  the  flexors 
of  the  right  foot  and  wrist.  Careful  comparison  with  the  left  foot 
plainly  showed  that  the  right  wrist  was  considerably  more  extended 
than  the  left  one,  and  when  the  dog  was  standing  with  this  foot  rest- 
ing on  the  floor,  a  considerable  part  of  the  palmar  surface  of  the 
metacarpus  touched  the  floor.  If  both  fore-legs  were  held  up,  move- 
ments of  flexion  and  of  extension  of  the  left  paw  would  occur,  but 
the  right  paw  was  held  in  a  state  of  moderate  over-extension,  the 
toes  being  slightly  spread  apart.  When  running  up  a  flight  of  steps, 
the  dog  would  often  stumble,  appearing  to  strike  the  edge  of  a  step 
with  the  over-extended  foot.  Owing  to  the  development  of  a  few  small 
ulcers  on  the  plantar  balls,  the  plaster  bandage  was  again  applied  at 
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the  end  of  a  week,  over  the  whole  limb  and  shoulder,  with  a  few  turns 
around  the  body.  In  two  weeks  this  plaster  was  removed,  and  on 
February  26  another  careful  examination  of  the  animal  was  made. 
At  this  date,  the  over-extension  continued.  The  right  forearm  was 
much  smaller  than  the  left  from  atrophy  of  the  flexor  muscles.  On 
putting  the  left  paw  into  a  small  boot  and  giving  the  dog  a  bone,  the 
bone  frequently  slipped  from  under  the  right  paw  by  which  the  dog 
tried  to  steady  it  when  he  attempted  to  gnaw  it.  No  movements  of 
the  flexor  muscles  could  be  detected.  After  anaesthetizing  the  animal 
and  exposing  the  crossed  nerves,  it  was  found  that  the  central  median 
had  apparently  united  to  the  distal  ulnar  as  well  as  could  be  desired. 
The  bulbous  ends  of  the  crossed  central  ulnar  and  distal  median  had 
separated  about  three  millimetres,  but  were  connected  by  a  delicate 
grayish  thread-like  band  that  was  found  to  consist  of  new  nerve 
fibres. 

Faradic  stimulation  of  the  central  median  above  the  point  of  union 
produced  movements  in  many  of  the  partially  exposed  muscles  in- 
nervated by  the  ulnar,  causing  ulnar  flexion  of  the  wrist  and  foot. 
Stimulation  of  the  distal  united  ulnar  three-quarters  of  an  inch  below 
the  point  of  union  also  produced  ulnar  flexion,  but  not  until  the 
strength  of  the  current  had  been  considerably  increased.  Stimulation 
of  the  central  ulnar  with  a  rather  strong  current  (10  cm.)  produced 
a  faint  median  flexion  of  the  paw.  The  distal  median  had  not  re- 
covered its  faradic  electrical  irritability,  and  the  electrical  irritability 
of  the  right  distal  ulnar  was  much  less  than  that  of  the  left  uninjured 
ulnar. 

After  exposing  the  sigmoid  gyrus  of  both  cerebral  hemispheres, 
the  areas  for  extension  and  for  flexion  of  the  paw  were  stimulated 
after  the  paw  had  been  flexed  and  the  arm  and  forearm  made  immov- 
able by  firm  fixation ;  —  extension  of  the  paw  readily  followed  the 
cerebral  stimulus.  Only  a  very  slight  degree  of  flexion  of  the  paw* 
could  be  produced  by  stimulating  the  fore  limb  area  in  the  left  hemi- 
sphere of  this  dog,  although  a  stimulus  sufficiently  strong  to  produce 
a  severe  general  fit  was  finally  applied.  The  central  ulnar  and  the 
central  median  nerves  were  then  divided  above  the  points  of  union 
and  stimulated,  the  results  being  the  same  as  before  their  division. 
The  distal  median  was  then  divided  and  the  central  ulnar  stimulated 
with  a  strong  current ;  no  flexion  of  the  paw  was  produced.  Stim- 
ulation of  the  central  median  readily  produced  ulnar  flexion. 

Dog  2. — Similar  to  No.  i,  but  the  dog  was  kept  for  seventy-five 
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days.  Over-extension  of  the  paw  was  still  present,  and  the  animal 
was  awkward  and  stumbled  when  running  up  the  steps.  Cutaneous 
faradic  stimulation  of  the  flexors  of  the  paw  showed  that,  although 
the  faradic  irritability  of  those  muscles  had  been  nearly  recovered, 
their  irritability  was  less  than  that  of  the  flexor  muscles  of  the  nor- 
mal left  forearm.  Faradic  stimulation  of  the  exposed  united  nerves 
showed  that  the  nerves  were  irritable  both  above  and  below  the 
points  of  union,  and  stimulation  of  the  central  ulnar  produced  well- 
marked  contraction  of  the  muscles  innervated  by  the  median.  Ex- 
citation of  the  central  median  produced  contraction  of  muscles 
supplied  by  the  peripheral  ulnar  which  had  been  crossed  with  it 
Stimulation  of  the  cortical  area  for  flexion  of  the  paw  readily  pro- 
duced that  movement. 

l^^S  3* — Th^  right  fore  limb  of  this  dog  was  kept  for  seven  weeks  in 
plaster.  At  the  end  of  fourteen  months,  a  moderate  predominance 
of  the  extensors  over  the  flexors  of  the  paw  was  still  evident  when 
the  animal  was  carefully  examined.  The  dog  also  frequently  stumbled 
when  attempting  to  run  rapidly  up  the  steps,  and  though  flexor 
movements  of  the  right  paw  were  plainly  to  be  seen,  the  movements 
did  not  appear  to  be  quite  so  actively  made  in  the  right  leg  as  in  the 
normal  left  one.  Even  after  this  interval  of  time,  the  toes  of  the  right 
foot  were  still  considerably  separated  when  the  animal  was  resting 
upon  that  foot.  Electrical  excitation  of  the  flexor  area  of  the  cortex 
and  of  the  exposed  crossed  nerves  gave  results  similar  to  those  met 
with  in  dog  2,  and  needs  no  further  comment.  The  previously 
atrophied  right  flexor  muscles  had  evidently  nearly  completely  re- 
generated, for  the  forearms  of  the  dog  did  not  perceptibly  differ  in 
size  nor  did  the  quantitative  faradic  electrical  irritability  of  the  flexor 
muscles  of  the  forearms  differ  much. 

The  preceding  results  thus  corroborate  those  of  previous  workers, 
in  that  they  clearly  prove  that  one  mixed  nerve  may  be  crossed  with 
and  unite  with  another  mixed  nerve.  They  also  clearly  demonstrate 
that  the  peripheral  portion  of  the  crossed  united  nerve  recovers  its 
function  of  conductivity  before  it  recovers  the  property  of  electrical 
irritability.  After  the  nerves  have  united  and  the  various  groups  of 
muscles  have  regenerated,  nervous  impulses  emanating  from  the 
motor  cortex  of  the  brain  are  still  capable  of  causing  the  cells  of  the 
spinal  cord  from  which  the  central  portions  of  the  crossed  nerves 
arise,  to  discharge  impulses  that  give  rise  to  contractions  of  the 
muscles  which  the  crossed  nerves  supply.     But  in  the  dog,  as  is  well 


Restoration  of  Movement  after  Nerve  "  Crossing^     249 

known,  the  main  functional  use  of  the  groups  of  muscles  that  are 
supplied  by  the  ulnar  and  the  median  nerves  is  to  produce  flexion  of 
the  foot,  the  action  of  the  groups  of  muscles  being  synergic  and  also 
usually  synchronous.  Consequently,  very  little,  if  any,  disturbance 
of  voluntary  coordinated  flexion  of  the  paw  would  be  likely  to  follow 
in  the  dog  when  the  ulnar  and  the  median  nerves  have  been  success- 
fully crossed,  a  conclusion  that  is  fully  exemplified  by  the  result 
obtained  in  dog  No.  3. 

II.  Central  end  of  the  right  musculo-spiral  nerve  crossed  with  the 
distal  portions  of  the  ulnar  and  the  median^  and  vice  versa. 

This  operation  was  performed  on  nine  dogs,  but  in  only  four  dogs 
were  the  experiments  successful.  In  one  of  these  four  dogs.  No.  2,  a 
large,  powerful,  restless  animal,  so  much  swelling  and  induration  of 
the  tissues  developed  on  the  dorsal  surface  of  the  wrist  from  constant 
attempts  to  walk  upon  this  surface,  that  it  was  impossible  to  definitely 
judge  whether  or  not  the  dog  was  able  to  voluntarily  contract  the 
extensor  muscles  of  the  paw.  Evidently  the  animal  was  not  able  to 
extend  the  paw  intentionally,  else  it  would  not  have  continually  flexed 
the  foot  at  each  step  and  come  down  upon  the  dorsal  surface  of  the 
wrist  and  foot.  Subsequent  electrical  investigation  of  the  nerves  and 
of  the  cortical  centres  showed,  however,  that  the  crossed  nerves  had 
become  at  least  partially  united  and  regenerated,  and  that  they  had 
recovered  their  conductivity  and  electrical  irritability. 

As  the  experiments  on  dogs  i,  3,  and  4  yielded  essentially  uniform 
results,  a  description  of  the  results  obtained  in  dog  3  will  thus  apply 
to  dogs  I  and  4. 

I^<^g  3-  —  Nerves  crossed  January  20,  1895,  ^^^  plaster  bandage 
kept  on  for  two  weeks.  Wound  healed  by  first  intention.  Plaster 
reapplied  and  kept  on  for  four  weeks.  Muscles  of  right  forearm 
markedly  atrophied  and  did  not  respond  to  cutaneous  faradism.  In 
the  course  of  a  week,  some  contraction  of  the  flexors  of  the  paw, 
which  did  not  fully  relax  when  elbow  was  extended.  The  dog 
continually  held  the  forearm  flexed  and  the  foot  was  not  allowed  to 
touch  the  ground.  When  given  a  bone  the  animal  would  attempt  to 
steady  it  in  order  to  gnaw  it  by  resting  the  outer  side  of  forearm  and 
flexed  foot  upon  the  bone,  but  was  not  very  successful  in  keeping  it 
firm. 

On  October  i  ith,  the  dog  attempted  to  use  the  right  leg  for  walking, 
but  whenever  he  did  so,  walked  on  the  back  of  the  foot,  on  the  outer 
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surface  of  which  was  a  small  ulcer.  Ether  was  administered,  the 
crossed  nerves  exposed,  stimulated,  and  found  to  have  united.  Their 
electrical  irritability  had  been  recovered.  Many  of  the  flexor  and  ex- 
tensor muscles  also  responded  to  direct  faradization.  After  closing  the 
wound  and  applying  an  antiseptic  dressing  to  it,  and  also  to  the  ulcer 
on  the  foot,  the  whole  limb  was  put  in  plaster  with  the  foot  extended. 
At  the  end  of  three  weeks  the  plaster  was  removed,  and  the  wound 
and  the  ulcer  were  found  to  be  healed.  From  that  time  until  June 
29,  1896,  the  dog  was  frequently  examined,  and  the  muscles  stimu- 
lated with  mild  faradic  currents,  after  previously  muzzling  the  dog, 
which  submitted  to  this  treatment  without  any  especial  resistance. 

On  June  29,  1896,  the  forearms  scarcely  differed  in  size.  The 
muscles  of  the  right  forearm  seemed  to  be  almost  completely  re- 
generated. The  right  paw  was  held  partially  flexed,  but  when  it 
was  carefully  observed  after  steadying  the  forearm  at  the  elbow, 
alternating  movements  of  flexion  or  extension  of  that  paw  could  be 
readily  seen  to  occur.  When  the  dog  was  ordered  to  give  this  paw, 
the  animal  lifted  up  the  forearm,  but  instead  of  extending  the  foot,  the 
latter  was  very  visibly  flexed.  Every  time  the  dog  walked,  the  right 
leg  was  advanced  but  the  paw  was  quickly  flexed.  When  a  bone 
was  given  to  the  dog,  after  inserting  the  left  foot  in  a  boot  and 
immobilizing  the  left  wrist  by  means  of  a  small  splint,  the  movement 
of  the  muscles  of  the  right  forearm  appeared  to  be  so  extremely 
incoordinated  that  the  animal  finally  held  the  bone  by  resting  the 
middle  of  the  forearm  upon  it.  Irregular  movements  of  the  adductors 
and  abductors  of  the  toes  were  also  noticed.  It  should  be  remarked 
that  this  dog  had  exhibited  the  above  movements  early  in  February, 
1896,  but  certainly  no  improvement  in  the  coordination  of  the  move- 
ments had  occurred  when  the  above  final  examination  was  made. 

The  dog  also  seemed  to  have  recovered  sensation  on  all  surfaces 
of  the  foot,  but  the  various  tests  with  clips,  etc.,  for  determining 
whether,  or  not,  the  animal  could  correctly  localize  the  position  of 
the  peripheral  stimulus  gave  such  conflicting  results  that  I  am  not 
able  to  give  an  opinion  in  regard  to  this  subject.  After  anaesthe- 
tizing the  animal,  exposing  the  motor  cortex  of  both  hemispheres, 
and  firmly  fixing  both  elbows  so  as  to  prevent  any  movement  at  the 
elbow  joint,  the  cortical  area  of  the  right  hemisphere  for  flexion  of 
the  wrist  was  stimulated  with  a  minimal  current,  and  then  the  same 
strength  of  stimulus  applied  to  the  area  for  flexion  in  the  left  hemi- 
sphere.    Result:    Extension  of  the  right  wrist.     Stimulation  of  the 
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extensor  area,  a  little  further  forward  in  the  sigmoid  gyrus,  pro- 
duced flexion  of  the  left  paw.  After  repeating  this  several  times 
the  musculo-cutaneous  nerve  was  divided,  together  with  the  various 
flexors  and  extensors  of  the  forearm  ;  the  crossed  nerves  and  blood- 
vessels being  carefully  dissected  away  and  protected  by  cotton  wet 
with  warm  normal  saline  solution.  After  firmly  fixing  the  elbow,  the 
cortex  was  again  stimulated ;  the  flexor  area  giving  rise  to  contrac- 
tion of  the  extensor  muscles,  the  extensor  area  to  flexion  of  the  paw, 
accompanied  apparently  by  extension  of  the  first  phalanges  when  the 
current  was  slightly  strengthened. 

Two  minims  of  the  French  oil  of  absinthe  were  then  injected  into 
the  jugular  vein.  In  a  few  minutes  the  usual  absinthe  fit  occurred. 
During  the  tonic  fits  the  left  foot  was  extended  and  the  right  flexed. 
On  immediately  excising  the  small  area  (extensor)  of  the  left  hemi- 
sphere, which  had  been  electrically  determined  to  produce  flexion  of 
the  right  foot,  the  right  foot  became  extended.  During  another  fit 
the  flexor  area  was  excised  and  the  exposed  extensor  muscles  of  the 
right  foot  no  longer  participated  in  the  fit. 

The  preceding  results  thus  conclusively  show  that  the  spinal  nerve 
cells  from  which  the  musculo-spiral  and  the  ulnar  and  median  motor 
fibres  arise  still  preserve  their  connections  with  the  cortical  motor 
mechanisms  situated  in  the  sigmoid  gyrus. 

As  far  as  the  cortical  areas  of  this  region  are  concerned,  there  does 
not  seem  to  be  the  least  ground  for  stating  that  these  centres  readjust 
themselves  to  suit  the  altered  innervation  of  the  groups  of  muscles 
which  the  two  united  crossed  nerves  supply.  Nor  did  five  months' 
practice  seem  to  enable  the  adult  dog  to  regain  the  functional  use  of 
the  muscles  of  the  forearm  and  foot,  for,  as  I  have  previously  re- 
marked, very  evident  and  ample  volitional,  but  incoordinated,  move- 
ments were  visible  about  five  months  before  the  dogs  were  killed,  and 
none  of  the  dogs  showed  the  least  improvement  in  acquiring  any 
better  control  of  the  muscles  supplied  by  the  crossed  nerves. 

III.  Will  the  rhythmic  contractions  of  certain  groups  of  muscles  re- 
appear after  union  of  their  motor  nerve  with  the  central  end  of  a  motor 
nerve  to  non-rhythmic  muscles  f 

To  investigate  this  question,  the  right  recurrens  was  divided  in  three 
dogs  as  low  down  in  the  neck  as  possible.  After  carefully  freeing  the 
long  peripheral  portion  of  the  recurrens,  it  was  turned  upward  around 
the  border  of  the  inferior  constrictor  of  the  pharynx  and  sutured  to  the 
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central  end  of  the  hypoglossal,  which  had  been  cut  close  to  the  tongue. 
The  central  end  of  the  recurrens  was  ligated  with  fine  silk,  turned 
toward  the  root  of  the  neck,  and  sutured  with  catgut  to  the  adjacent 
tissue.     Before  this  operation,  these  dogs  barked  very  frequently,  but 
after  the  operation  the  animals  were  only  able  to  utter  an  imperfect, 
hoarse,  stridulous  growl.    The  right  half  of  the  tongue  was  paralyzed, 
and  soon  became  atrophied  and  fissured.     At  the  expiration  of  eight 
months,  it  was  noticed  that  the  atrophic  condition  of  the  right  half  of 
the  tongue  was  beginning  to  lessen,  except  in  dog  3,  and  also  that  two 
of  the  dogs  could  move  the  muscles  of  that  half  considerably.     At 
this  date,  when  examined  under  ether,  the  regenerated  muscles  of  the 
right  half  of  the  tongue  readily  responded  to  faradism.     At  the  end 
of  fourteen  to  fifteen  months,  the  movements  of  the  tongue  seemed  to 
be  almost  completely  restored,  except  in  dog  3,  in  which  the  right  half 
of  the  tongue  was  permanently  paralyzed.    Fourteen  to  fifteen  months 
after  the  primary  operation,  the  dogs  were  etherized  and  the  trachea 
divided  just  below  the  larynx.     After  the  insertion  of  a  tube  with  a 
short  rubber  pipe  attached   to  facilitate  the  administration  of  the 
anaesthetic,  the  anterior  composite  convolution  of  both  hemispheres 
was  exposed  and  stimulated  with  an  electrode,  the  points  of  which 
were  set  one  millimetre  apart    By  carefully  adjusting  the  narcosis,  using 
a  stimulus  just  strong  enough  to  cause  the  vocal  cord  to  nearly  ap- 
proach the  middle  line,  and  carefully  removing  fluid  on  the  convolu- 
tions before  applying  the  electrodes,  it  was  perfectly  possible  to  obtain 
from  both  hemispheres  adduction  of  the  left  vocal  cord  without  any 
accompanying  movements  of  the  tongue  when  the  junction  of  the 
pra;crucial  gyrus  and  the  upper  extremity  of  the  anterior  composite 
was  stimulated. 

When  carefully  observed  *  from  below,  or  from  above,  through  the 
widely  opened  mouth,  the  right  vocal  cord  was  seen  to  be  perfectly  im- 
movable. In  all  of  the  dogs  its  position  seemed  to  be  about  midway 
between  adduction  and  abduction.  When  the  central  hypoglossal  or 
the  recurrens  which  had  become  grafted  to  it  were  stimulated,  very 
evident  movements  of  adduction  or  of  abduction  would  occur.  Some- 
times the  cord  would  begin  to  abduct  and  then  suddenly  adduct. 
When  the  above-mentioned  focus  in  either  hemisphere  was  stimulated, 
no  movement  of  the  right  vocal  cord  followed  unless  a  very  strong 

1  In  this  connection,  the  writer  wishes  to  thank  Professor  Frederic  S.  Lee  for 
his  kindness  in  carefully  observing  the  movements  of  the  vocal  cords  on  various 
occasions. 
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current  (secondary  at  4  cm.)  was  applied.  With  this  strong  stimulus, 
movements  of  the  tongue  and  of  swallowing  also  occurred.  Minimal 
stimulation  of  the  left  anterior  composite  gyrus  farther  back,  where  it 
is  joined  by  the  supra-sylvian,  was  followed  by  bilateral  movements  of 
the  split  tongue,  with  adduction,  or  frequently  with  abduction,  of  the 
right  vocal  cord.  The  rhythmical  movements  of  the  left  were  not  inter- 
rupted. Stimulcition  of  the  corresponding  area  of  the  right  hemisphere 
produced  bilateral  movements  of  the  tongue  with  moderate  abduction 
of  the  right  cord.  The  left  cord  did  not  respond.  With  the  coil  at 
3  cm.,  adduction  of  the  right  cord  occurred. 

The  left  recurrens  was  then  divided,  in  order  to  stop  the  respiratory 
movements  of  the  left  cord,  and  the  above-mentioned  regions  again 
stimulated.  The  movements  of  the  right  cord  accompanying  the 
movements  of  the  tongue  were  then  more  striking,  but  stimulation  of 
the  hemispheres  at  Krause's  laryngeal  centre  did  not  produce  a  move- 
ment of  the  right  cord,  unless,  as  previously  stated,  a  current  suffi- 
ciently strong  to  produce  violent  efforts  of  swallowing  was  employed. 

After  killing  the  dog  with  the  anaesthetic,  a  dissection  of  the  united 
nerves  disclosed  the  fact  that  not  only  had  the  sutured  recurrens 
united  to  the  central  hypoglossal  but  that  from  the  latter  numerous 
outgrowths  had  grown  to  the  base  of  the  tongue  and  had  evidently 
united  with  the  old  peripheral  hypoglossal  stump.  The  regeneration 
of  the  tongue  muscles  and  the  return  of  voluntary  control  of  the  tongue 
was  thus  readily  explained. 

A  search  for  the  central  end  of  the  right  recurrens  disclosed  the 
small  knobbed  end  of  this  nerve  about  in  the  position  in  which  it  had 
been  sutured ;  it  seemed  to  be  attached  to  the  stcrno-thyroid  muscle. 
It  had  clearly  not  re-established  any  connection  with  the  laryngeal 
muscles. 

In  dog  3,  in  which  the  sutured  nerves  had  been  rolled  up  in  a  piece 
of  fascia,  the  outgrowths  of  nerve  fibres  from  the  large  hypoglossus 
had  not  succeeded  in  reaching  the  tongue  and  producing  regeneration 
of  its  muscles.  When  the  cortex  of  this  dog  was  stimulated,  no  move- 
ments appeared  in  the  right  half  of  the  split  tongue.  The  right  vocal 
cord  responded  as  in  dogs  I  and  2,  and  no  respiratory  vocal  cord 
movements  could  be  detected  after  the  section  of  the  left  recurrens. 

Evidently,  therefore,  the  cells  of  origin  of  the  hypoglossal  nerve  do 
not  assume  the  rhythmical  functions  of  the  cells  of  origin  of  the  recur- 
rens when  the  latter  nerve  is  made  to  unite  to  the  central  portion  of 
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the  former.  Clearly,  the  nerve  impulses  proceeding  from  certain 
nerve  centres  that  innervate  the  muscles  supplied  by  the  recurrens 
do  not  shunt  off  by  new  or  by  old  paths  to  the  hypoglossal  nucleus, 
when  this  nucleus,  or  a  part  of  it  at  least,  is  caused  to  become  the 
nucleus  of  the  recurrens.  How  much  the  less  likely,  therefore,  that 
the  hypoglossal  nucleus  should  assume  all  the  functions  of  the  nucleus 
of  the  vagus,  were  that  nerve  united  to  the  hypoglossus. 

To  conclude,  it  is  evident  that  in  the  dog  the  central  portion  of  one 
motor  nerve  may  unite  with  the  peripheral  portion  of  another  motor 
nerve ;  that  the  cortical  representation  of  the  groups  of  regenerated 
muscles  supplied  by  the  crossed  and  united  distal  nerve  is  the  same  as 
the  cortical  representation  of  the  groups  of  muscles  that  were  pre- 
viously innervated  by  the  central  portion  before  its  section ;  that  this 
cortical  representation  of  the  groups,  after  crossing  the  nerves,  differs 
from  that  existing  before  the  nerves  are  crossed,  in  that  the  cortical 
impulses  produce  incoordinate  movements  of  the  muscles  supplied  by 
the  united  crossed  nerve.  If  two  motor  nerves  supplying  two  groups 
of  synergic  muscles,  whose  action  is  to  produce  almost  similar  sim- 
ple movements  of  an  articulation,  be  crossed,  the  resultant  disturbance 
of  the  coordinated  mobility  of  those  synergic  groups  is  exceedingly 
slight,  as  regards  the  performance  of  that  particular  movement.  When 
groups  of  muscles  innerx'ated  by  the  crossed  nerves  are  of  widely  dif- 
ferent functional  use,  antagonists,  etc.,  the  adult  animal  (dog)  does 
not  regain  the  power  of  performing  intentional  coordinated  move- 
ments with  those  muscles,  although  the  fibres  of  the  muscles  com- 
pletely regenerate  and  recover  their  former  irritability. 

Crossing  the  peripheral  portion  of  the  motor  nerve  of  rhythmically 
contracting  muscles  to  the  central  portion  of  the  motor  nerve  of  non- 
rhythmic  muscles  results  in  the  permanent  abolition  of  the  rhythmic 
action  of  the  former  muscles. 

In  view,  therefore,  of  the  foregoing  results,  it  is  evident  that  the 
central  nervous  mechanisms  do  not,  as  Rawa  has  claimed,  adjust  their 
impulses  to  suit  the  altered  peripheral  inner\'ation,  and,  by  practice, 
supply  exactly  what  is  required  of  them  by  the  peripheral  organs  with 
which  they  become  connected. 


PAPAIN-PROTEOLYSIS,  WITH  SOME  OBSERVATIONS 
ON   THE   PHYSIOLOGICAL  ACTION   OF  THE 

PRODUCTS  FORMED.^ 

By  R.  H.  CHITTENDEN,  LAFAYETTE  B.  MENDEL,  and 

H.  E.  McDERMOTT. 
[From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University^ 

WHEN  papain,  the  proteolytic  enzyme  of  the  papaw  plant,  was 
first  subjected  to  careful  study  by  Wurtz  and  Bouchut,^  it 
was  compared  in  its  mode  of  action  to  trypsin,  not  alone  because 
it  was  active  in  a  neutral  medium,  but  especially  because  of  the 
character  of  the  resultant  products.  Thus,  it  was  stated  that  by  the 
vigorous  action  of  papain  upon  blood-fibrin  complete  peptonization 
resulted,  with  the  formation  of  some  leucin  in  addition.  Naturally, 
at  this  time  (1879)  there  was  no  differentiation  of  proteoses  and 
peptones ;  hence  all  that  the  above  statement  implied  was  a  conver- 
sion of  the  proteid  into  a  soluble  form,  precipitable  by  alcohol  and 
not  coagulated  by  heat  nor  by  acids,  although  the  presence  of  leucin 
would  certainly  suggest  the  formation  of  true  peptone.  Later, 
Martin  ^  pointed  out  that  the  enzyme  acts  vigorously  in  the  presence 
of  sodium  carbonate  (0.25  per  cent)  and  that  as  products  of  diges- 
tion there  are  formed  in  both  neutral  and  alkaline  solutions  an  inter- 
mediate globulin-like  body,  peptone,  leucin,  and  tyrosin,  the  last  two 
being  formed  in  small  quantity.  Here,  likewise,  the  word  peptone 
must  be  interpreted  as  meaning  simply  soluble  proteid,  and  not  carry- 
ing the  distinction  which  is  now  known  to  exist  between  the  pro- 
teoses and  true  peptones.     Still  later,  however,  Martin  *  studied  the 

*  An  abstract  of  this  paper  was  presented  at  a  meeting  of  the  American  Physi- 
ological Society  held  at  Washington,  May  4,  1897.  See  Science,  N.  S.,  v,  June  11, 
^897,  p.  902. 

*  VVuRTZ  and  Bouchut  :  Sur  le  ferment  digestif  du  Carica  papaya.  Comptes 
rendus,  1879,  Ixxxix,  p.  425.  Wurtz:  Sur  la  papaine.  Contribution  h  Thistoire 
des  ferments  solubles.     Ibid.,  1880,  xc,  p.  1379;  and  xci,  p.  y^y. 

*  Martin,  S.  H.  C.  :  Papain-digestion.     Journal  of  physiology,  1884,  v,  p.  213. 

*  Martin  :  The  nature  of  papain  and  its  action  on  vegetable  proteid.     Jour 
nal  of  physiology,  1885,  vi,  p.  337. 
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action  of  papain  on  the  several  proteids  occurring  with  the  enzyme 
in  papaw  juice,  and  found  that  the  globulin  present  there  was  con- 
verted by  the  enzyme  into  an  albumose  (^-phytalbumose),  and  that 
this  substance  was  transformed  into  a  peptone-like  body,  which  in 
turn  was  converted  into  leucin  and  tyrosin.  In  this  case  the  peptone- 
like body  referred  to  was  presumably  a  true  peptone  in  the  modern 
acceptance  of  the  term.  Working  with  a  somewhat  different  prepa- 
ration of  papain,  the  writer  *  observed  incidentally  that  in  the  di- 
gestion of  blood-fibrin  and  coagulated  egg-albumin,  deuteroalbumose 
and  true  peptone  predominated  among  the  soluble  products  formed ; 
i,  r.  peptone,  non-precipitable  by  saturation  with  ammonium  sul- 
phate. More  recently,  Osswald^  has  also  reported  that  papain  as 
studied  by  him,  gave  rise  to  the  formation  of  peptone  in  neutral, 
alkaline,  and  acid  fluids,  but  that  digestion  was  most  complete  and 
rapid  in  a  hydrochloric  acid  solution.  With  regard  to  the  latter  part 
of  the  statement,  we  are  inclined  to  believe  that  with  most  proteids 
the  solvent  action  of  papain  is  greatest  in  the  presence  of  sodium 
carbonate  and  bicarbonate,  although  a  mixture  containing  a  very 
little  hydrochloric  acid  may  be  more  active  than  a  neutral  solution 
of  the  enzyme.  Much  depends,  however,  upon  the  presence  or 
absence  of  extraneous  matters  in  the  ferment-preparation  and  on  the 
amount  of  proteid  present  by  which  the  presence  or  absence  of  free 
acid  is  determined.  This  question,  however,  is  foreign  to  our  present 
subject. 

If  the  solvent  action  of  papain  on  proteids  is  really  due  to  con- 
version of  the  proteids  into  soluble  albumoses  and  peptone,  then  its 
action  must  be  compared  with  that  of  a  true  digestive  enzyme  and 
the  process  itself  accepted  as  a  genuine  digestive  process.  In  this 
connection  it  will  be  remembered  that  the  corresponding  vegetable 
enzyme  bromelin,  the  proteolytic  ferment  of  pineapple  juice,  is  a 
true  peptone-forming  enzyme.'^  In  fact,  it  resembles  trypsin  very 
closely  in  its  ability,  under  suitable  conditions,  to  transform  the  pro- 
teid undergoing  digestion  into  true  peptone.  It  is,  of  course,  hardly 
to  be  expected  that  these  vegetable  enzymes  will  prove  to  be  identi- 

^  Chittenden  :  Papoid-digestion.  Trans.  Conn.  Acad.  Arts  and  Sciences, 
1892,  ix,  p.  321. 

2  Osswald:  Untersuchungen  iiber  das  Papain  (Reiiss).  Miinchener  med. 
Wochenschr.,  1894,  No.  34. 

^  Chittenden:  On  the  proteolytic  action  of  btomelin.  the  ferment  of  pine- 
apple juice.     Journal  of  physiology,  1894,  xv,  p.  249. 
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cal  in  every  respect  with  the  corresponding  enzymes  of  animal  origin. 
Indeed,  we  already  know  that  in  the  action  of  bromelin  there  are  cer- 
tain minor  differences  at  least  in  the  primary  or  side-products  formed 
as  compared  with  those  resulting  from  gastric  and  pancreatic  diges- 
tion. There  has,  however,  been  no  reason  for  doubting  the  ability  of 
papain  to  form  true  peptone,  although  it  must  be  admitted  that  since 
exact  methods  of  separating  albumoses  or  proteoses  from  true  pep- 
tones have  come  into  use,  no  one,  so  far  as  we  are  aware,  has  isolated 
the  pure  peptone  or  determined  the  extent  or  rate  of  its  formation 
in  papain-digestion.  On  the  contrary,  within  the  last  few  years,  the 
statement  has  come  from  several  sources  that  papain  has  no  power 
whatever  to  form  peptone;  that  its  solvent  or  digestive  action  on 
proteids  is  limited  to  the  production  of  proteoses  and  that  peptone 
is  never  formed.  Thus,  Gordon  Sharp  ^  states,  that  on  warming  co- 
agulated egg-albumin  with  one-tenth  its  weight  of  papain  and  a  hun- 
dred volumes  of  water  for  eighteen  hours,  no  peptone  could  be 
detected  either  by  saturating  the  digestive  mixture  with  ammonium 
sulphate  and  testing  the  filtrate  with  the  biuret  test,  or  by  dialyzing 
the  digestive  mixture  and  testing  the  diffusate  (after  one  hour!)  with 
phosphotungstic  acid  and  by  the  biuret  test.  Albumoses,  however, 
were  formed.  In  a  second  communication^  the  same  writer  states 
that  by  the  action  of  papain  upon  egg-albumin  and  serum-albumin  in 
neutral,  acid,  and  alkaline  solutions  peptone  is  never  formed.  Further, 
the  opinion  is  expressed  that  the  formation  of  peptone  by  papain  is, 
on  biological  grounds,  not  to  be  expected,  since  the  function  of  the 
ferment  in  the  plant  consists  merely  in  transforming  proteids  into 
soluble  compounds  adapted  for  circulation  through  the  open  vessels, 
whereas  in  pepsin-digestion,  on  the  other  hand,  the  products  of  prote- 
olysis must  be  adapted  for  absorption  by  osmosis  prior  to  their  dis- 
tribution and  utilization  in  the  body.  Lastly,  it  may  be  mentioned 
that  Dott  ^  in  a  comparative  study  of  papain  and  pepsin  has  likewise 
found  that  the  former  enzyme,  unlike  pepsin,  is  not  able  to  form  pep- 

*  Sharp  :  Papain-digestion :  Complete  absence  of  peptone.  Pharm.  J.  Trans- 
act., liii,  p.  633,  Edinburgh  ;  Abstract  in  Chemisches  Centralblatt,  1894,  i,  p.  512. 

^  Sharp  :  The  action  of  papain  upon  ^%%-  and  serum-albumin  in  acid  and  alka- 
line solution.  Pharm.  J.  Transact.,  liii,  p.  757,  Edinburgh;  Abstract  in  Chem- 
isches Centralblatt,  1894,  i,  p.  830. 

•  DoTT :  Comparison  of  the  digestive  action  of  papain  and  pepsin.  Pharm. 
J.  Transact.,  liii,  p.  758,  Edinburgh;  Abstract  in  Chemisches  Centralblatt,  1894, 
i,  p  831. 
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tone  from  egg-albumin.  If  these  statements  arc  correct,  then,  obvi- 
ously, papain  is  quite  different  in  its  mode  of  action  from  other 
proteolytic  enzymes,  and  the  fact,  if  such  it  is,  should  be  clearly  es- 
tablished. There  would  seem  to  be  no  great  difficulty  in  arriving  at 
a  definite  conclusion  regarding  the  matter,  and  the  following  experi- 
ments have  been  undertaken  with  a  view  to  throwing  some  light 
upon  the  question. 

In  a  preliminary  experiment,  coagulated  egg-albumin  (from  a 
dozen  eggs)  was  mixed  with  800  c.c.  of  0.2  per  cent  sodium  carbonate 
solution,  I  gram  of  commercial  papain  added,  and  the  mixture,  con- 
tained in  a  closed  flask  with  a  little  thymol,  warmed  at  40°  C.  for 
three  days.  Further  ferment  action  was  then  stopped  by  boiling, 
the  undissolved  matter  removed  by  filtration,  the  filtrate  neutralized 
with  acetic  acid,  filtered  from  the  precipitate  which  resulted,  and 
further  concentrated.  From  this  concentrated  fluid  the  proteoses 
were  precipitated  collectively  and  completely  by  saturating  the  fluid 
while  boiling  hot  with  ammonium  sulphate,  —  carrying  out  the  satura- 
tion in  a  neutral,  acid,  and  ammoniacal  fluid  successively,  as  recom- 
mended by  KiJhne  *  for  the  complete  separation  of  proteoses  from 
peptone.  On  testing  this  proteose-free  filtrate  with  the  biuret  test, 
giving  due  heed  to  the  necessity  of  adding  sufficient  potassium  hydrox- 
ide to  decompose  all  of  the  ammonium  salt  present,  an  intense  re- 
action for  peptone  was  obtained.  Indeed,  it  was  quite  evident  from 
the  character  of  the  reaction,  that  a  fairly  large  percentage  of  true 
peptone  had  been  formed. 

A  similar  experiment  was  tried  with  coagulated  blood-fibrin,  this 
form  of  proteid  being  warmed  at  40°  C.  for  two  days  with  i  gram 
of  papain  in  800  c.c.  of  0.4  per  cent  sodium  carbonate,  a*little  thymol 
being  present.  On  removal  of  the  proteoses  with  ammonium  sul- 
phate, as  described  above,  a  strong  biuret  reaction  was  obtained  in 
the  filtrate,  thus  showing  the  formation  of  true  peptone. 

Obviously,  one  possible  danger  in  experiments  of  this  order,  where 
an  alkaline  fluid  containing  so  much  admixed  proteid  is  warmed  at 
40^^  C.  for  two  or  three  days,  is  bacterial  contamination  by  which 
putrefaction  may  be  incited.  In  the  two  preceding  experiments, 
thymol  was  made  use  of  to  obviate  this  danger,  but  in  the  next  ex- 
periment chloroform  and  sodium  fluoride  were  likewise  employed,  as 
follows :  — 

1  KuHNE  :  Erfahrungen  iiber  Albumosen  und  Peptone,  Zeitschrift  fiir  Biologic^ 
1892,  xxix,  p.  I. 


Papain-proteolysis. 


259 


1 

2 

8 

4 

60  grams  fibrin  * 
500c.c.0.25%Na2CO3 
5  cc.  chloroform 

1  gram  papain 

60  grams  fibrin 

500  cc.  0.25%  NaaCOg 

2.5  grams  thymol 

1  gram  papain 

60  grams  fibrin 
500c.c.0.25%Na3CO3 
5.0  grams  NaF 

1  gram  pai>ain 

60  grams  fibrin 

500c.c.O25%Na3CO8 

5.0  grams  NaF 

(  1  ^am  papain 
(  boiled  5  min. 

These  mixtures  were  placed  in  suitably  stoppered  flasks,  shaken 
thoroughly  to  insure  complete  solution  of  the  sodium  fluoride,  etc., 
and  warmed  at  40°  C.  for  twenty  hours,  with  frequent  agitation.  At 
the  end  of  the  period  the  mixtures  were  boiled  and  filtered,  the 
filtrates  neutralized,  concentrated,  and  the  proteoses  separated  as 
already  described  by  saturation  with  ammonium  sulphate.  On  test- 
ing the  filtrates  with  the  biuret  test,  Nos.  i,  2,  and  3  gave  a  strong 
reaction  for  peptone,  the  reaction  in  No.  3  being  apparently  a  little 
the  strongest.  No.  4,  in  which  the  papain  was  boiled  prior  to  mixing 
it  with  the  fibrin,  gave  a  purely  negative  result,  thus  showing  that  the 
peptone  reaction  in  the  preceding  mixtures  could  not  have  come 
from  any  admixture  contained  in  the  papain  itself,  nor  in  the  proteid 
made  use  of,  and  that  consequently  the  peptone  found  must  have 
been  formed  in  some  manner  during  the  experiment.  Further,  this 
same  negative  result  affords  evidence  that  the  peptone  detected  was 
not  formed  by  putrefaction ;  hence  it  must  come  from  the  proteolytic 
action  of  the  enzyme,  which  is  plainly  not  hindered  by  the  presence 
of  either  chloroform,  sodium  fluoride,  or  thymol.  Lastly,  it  should 
be  mentioned  that  the  striking  brilliancy  of  the  peptone  reactions 
obtained  in  Nos.  1-3  precludes  the  possibility  of  any  other  conclusion 
than  that  a  fairly  large  proportion  of  true  peptone  was  formed. 

A  similar  series  of  experiments  was  carried  out  with  coagulated 
egg-albumin,  75  grams  of  the  moist  coagulum  being  used  in  each 
mixture,  with  results  wholly  in  accord  with  those  just  described. 
Further,  another  series  in  which  fresh,  thoroughly  washed  rabbit's 
muscle  (60  grams  in  each  mixture)  was  digested  gave  similar  results, 
the  only  difference  being  that  in  Nos.  1-3  the  peptone  reaction  was 
even  stronger  than  with  the  coagulated  proteids,  as  might  perhaps  be 
expected  owing  to  the  easier  digestibility  of  the  former.  It  is  thus 
quite  apparent  that  papain  is  a  true  peptone-forming  enzyme,  and 

^  Coagulated  blood-fibrin. 
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furthermore  is  able  to  exert  this  action  upon  various  kinds  of  proteid 
matter. 

What  now  is  the  extent  to  which  this  formation  of  peptone  may  be 
carried  by  papain?  In  the  digestion  of  proteids  with  pepsin-hydro- 
chloric acid  or  gastric  juice  it  has  been  clearly  shown  that  the 
formation  of  peptone  rarely  exceeds  50  per  cent ;  proteoses  usually 
predominate.^  With  alkaline  trypsin  solution  or  pancreatic  juice,  on 
the  other  hand,  the  formation  of  peptone  is  much  greater,  although 
the  hemipeptone  formed  is  eventually  broken  down  by  the  continued 
action  of  the  enzyme  into  amido-acids,  etc.,  leaving  only  the  anti- 
peptone.  If  papain  is  a  true  peptone-forming  enzyme,  related  more 
closely  to  trypsin  than  to  pepsin,  it  follows  that  under  favorable  cir- 
cumstances it  might  be  expected  to  produce  even  more  than  50  per 
cent  of  peptone.  It  is  not  to  be  understood  by  this  statement  that 
papain  can  be  compared  with  trypsin  in  rapidity  of  action;  but 
merely  that  of  the  proteid  dissolved  by  papain,  under  suitable  con- 
ditions, full  50  per  cent  might  not  unreasonably  be  looked  upon  as 
convertible  into  true  peptone  by  the  continued  action  of  the  enzyme. 
The  correctness  of  this  view  has  been  tested  by  several  series  of  quan- 
titative experiments  in  which  the  proportion  of  proteoses  and  pep- 
tones formed  has  been  determined  as  accurately  as  existing  methods 
will  allow. 

The  first  experiment  of  this  nature  may  be  described  as  follows : 
Coagulated  egg-albumin,  formed  by  pouring  the  whites  of  eggs  into 
boiling  water  acidified  with  acetic  acid,  was  washed  thoroughly  with 
water,  pressed,  and  finely  divided.  The  content  of  dry  albumin  was 
then  determined  in  a  sampled  portion  by  drying  at  1 10°  C,  and 
igniting  the  residue  to  obtain  the  amount  of  ash.  By  this  method 
10  grams  of  the  moist  coagulum  were  found  to  contain  1.9257  grams 
of*  dry  proteid.  Three  digestive  mixtures  were  then  prepared,  each 
containing  150  c.c.  of  0.25  per  cent  sodium  carbonate  saturated  with 
chloroform,  50  grams  of  the  moist  coagulated  albumin  and  0.75  gram 
of  active  papain.  To  obviate  any  error  that  might  be  introduced 
through  the  presence  of  albumose,  etc.,  in  the  papain,  a  fourth  mixture 
was  prepared  similar  to  the  above,  except  that  it  contained  no  albumin. 
All  four  mixtures  were  placed  in  closely  stoppered  flasks  and  trans- 
ferred to  a  warm  chamber,  where  they  were  kept  at  38-40°  C.  for  vary- 

'  Chittenden  and  Amerman  :  A  comparison  of  artificial  and  natural  gastric 
digestion,  together  with  a  study  of  the  diffusibility  of  proteoses  and  peptone. 
Journal  of  physiology,  1893,  xiv,  p.  483. 
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ing  lengths  of  time  with  occasional  agitation.  One  was  allowed  to 
digest  for  25  hours,  the  second  was  interrupted  at  the  end  of  5 1  hours, 
while  the  third  mixture  and  likewise  the  control  were  continued  for 
75  hours.  Digestion  was  stopped  by  heating  the  mixture  to  boiling. 
It  will  be  noticed  in  these  experiments  that  the  proportion  of  papain 
employed  was  quite  small,  considering  the  low  digestive  power  of  the 
enzyme. 

The  mixtures  were  analyzed  as  follows :  The  undissolved  residue, 
made  up  largely  of  an  insoluble  antialbumid-like  substance,  together 
with  some  unaltered  proteid,  was  collected  on  a  weighed  filter,  washed 
thoroughly  with  water  and  lastly  with  alcohol,  then  dried  at  1 10°  C. 
until  of  constant  weight.  The  filtrate  and  washings  were  then  neu- 
tralized with  dilute  acid,  and  the  neutralization  precipitate  so  obtained 
was  collected  on  a  weighed  filter,  washed  with  water  until  free  from 
salts,  dried,  and  weighed.  To  determine  the  albumoses,  the  neutral 
filtrate  and  washings  were  concentrated  to  a  small  volume  and  then 
precipitated  while  still  hot  by  saturation  with  pure  neutral  ammonium 
sulphate,  giving  heed  to  Kiihne's  latest  modifications  of  the  method.^ 
The  precipitate  was  filtered  by  the  aid  of  a  hot-water  funnel  and 
washed  free  from  peptone  with  a  hot  saturated  solution  of  ammonium 
sulphate.^  The  precipitate,  together  with  the  adherent  ammonium 
sulphate,  was  then  washed  into  a  weighed  capsule  with  hot  water,  the 
mixture  evaporated  to  dryness,  and  finally  dried  in  an  air-bath  at 
1 10°  C.  until  of  constant  weight.  Obviously,  the  weight  so  obtained 
was  the  combined  weight  of  the  albumoses  and  ammonium  sulphate. 
To  ascertain  the  value  of  the  latter,  the  mixture  was  treated  with 
water  containing  a  little  hydrochloric  acid,  the  fluid  made  up  to  a 
definite  volume,  and  in  an  aliquot  portion  of  the  latter  the  sulphuric 
acid  was  determined  in  the  usual  manner  by  precipitation  with  barium 
chloride.  From  the  weight  of  barium  sulphate  thus  obtained  the 
amount  of  ammonium  sulphate  was  calculated  and  deducted  from 
the  combined  weight  of  the  albumoses  and  ammonium  salt.  The 
amount  of  true  peptone  formed  was  obtained  in  tljis  experiment  by 
deducting  the  combined  weight  of  the  antialbumid  and  undigested 
residue,  neutralization  precipitate,  and  albumoses  from  the  weight  of 
coagulated  proteid  used,  making  the  necessary  corrections  for  pro- 
teoseSy  etc.,  in  the  papain. 

The  results  from  this  experiment  were  as  follows,  expressed  in 
grams:  — 

*  Loc,  cit.        *  Continued  until  the  filtrate  failed  to  show  any  biuret  reaction. 
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Period  of  digestion  at  40®  C.   .    .     . 

25  hours. 

51  hours. 

75  houry. 

Undissolved  residue 

Neutralization  precipitate   .... 
Albumoscs 

3.4555 
0.1692 
2.6167 

3.1626 
0.0920 
2J700 

1 
•  • .  ■ 

0.0075 

1.2767 

Dry  proteid  used 

Peptone  formed 

6.2414 
9.6275 
3.3861 

5.6246 
9.6275 
4.0029 

9.6275 

Expressed  in  percentages  calculated  on  the  dry  proteid  used,  these 
figures  yield  the  following  results :  — 


Period  of  digestion  at  40®  C  .  .     .     . 

25  hours. 

51  hours. 

75  hours. 

UndLssolved  residue 

Neutralization  precipitate    .... 
Albumoses 

35.8 

1.7 

27.1 

35.4 

32.8 

0.9 

24.6 

41.7 

•    •    •    • 

0.1 
13.3 

Peptone 

100.0 

100.0 

In  considering  these  figures,  emphasis  is  to  be  laid  upon  the  fact 
that  the  large  percentage  of  undissolved  residue  noted  above  is  by  no 
means  composed  mainly  of  unaltered  proteid,  but  is  made  up  to  a 
considerable  extent  of  a  peculiar  alteration  product  which  seemingly 
resembles  antialbumid,  the  formation  of  which  must  involve  a  certain 
amount  of  energy  on  the  part  of  the  enzyme.  Further,  it  is  to  be 
noted  that  at  the  end  of  twenty-five  hours  digestion,  62.5  per  cent  of 
the  proteid  is  converted  into  albumoses  and  peptone,  while  of  these 
soluble  products  56.6  per  cent  is  composed  of  true  peptone,  the 
remaining  43.4  per  cent  being  made  up  mainly  of  deuteroalbumose. 
Moreover,  it  is  seen  that  as  the  digestion  is  continued  the  proportion 
of  albumoses  decreases,  peptones  being  correspondingly  increased. 
To  be  sure,  the  figures  representing  the  proportions  of  peptone 
formed  are  obtained  by  difference,  but  we  sec  no  reason  why  the 
methods  pursued    are  not  capable   of  yielding  results  substantially 

^  Lost  by  an  accident. 
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correct.  Moreover,  on  testing  the  three  ammonium  sulphate-saturated 
filtrates  containing  the  peptone  with  the  biuret  test,  the  intensity  of 
the  reactions  obtained  corresponded  exactly  with  the  above  data.  In 
this  connection  it  should  be  mentioned  that  even  under  most  favorable 
conditions  the  formation  of  amido-acids  or  other  crystalline  decompo- 
sition products  by  papain  is  very  slight. 

A  second  series  of  experiments  similar  to  the  above  next  demand 
attention  because  they  help  make  clear  possibly  why  some  observ- 
ers have  failed  to  find  evidence  of  the  formation  of  peptone  by 
papain.  Four  distinct  mixtures  were  prepared,  each  containing  150 
c.c.  of  0.25  per  cent  sodium  carbonate  saturated  with  chloroform, 
50  grams  of  moist  coagulated  egg-albumin,  and  0.5  gram  of  papain. 
The  fourth  mixture,  however,  differed  from  the  other  three  in  that  the 
papain  was  boiled  with  a  portion  of  the  fluid  prior  to  mixing  it  with 
the  albumin.  It  thus  served  as  a  control  to  check  any  possible  errors 
that  might  arise  from  the  action  of  the  alkali  alone  on  the  proteid,  or 
from  soluble  matter  contained  in  the  papain.  Of  greater  importance, 
however,  is  the  fact  that  the  proportion  of  papain  employed  in  this 
series  of  experiments  was  considerably  less  than  in  the  previous  scries ; 
/.  e„  0.5  gram  instead  of  0.75  gram  for  every  50  grams  of  proteid. 
Furthermore,  the  papain  was  a  different  sample,  obtained  from  a  dif- 
ferent source,  and  had  been  tested  solely  as  to  its  ability  to  dissolve 
proteid  matter. 

The  several  mixtures  were  kept  at  38-40° C.  for  varying  periods  of 
time,  one  being  removed  at  the  end  of  25  hours,  the  second  at  the 
end  of  48  hours,  while  the  third  and  fourth  were  continued  for  72 
hours.  The  mixtures  were  then  analyzed  as  in  the  preceding  case, 
with  the  following  results  expressed  in  grams:  — 


Period  of  digestion  at  40°  C.   .    .    . 

25  hours. 

48  hours. 

72  hours. 

Undissolved  residue 

Neutralization  precipitate   .... 
Albumoses 

3.81H 
0.0405 
2.8180 

3.9759 
0.0387 
23278 

3.7577 
0.0100 
2.5176 

Dry  proteid  used 

1    Peptone  formed 

6.6939 
6.8564 
0.1625 

6.3424 
6.8564 
0.5140 

6.2853 
6.aS64 
0.5711 
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In  the  control  mixture,  in  which  the  papain  had  been  boiled  be- 
fore mixing  it  with  the  albumin,  72  hours  at  40°C.  resulted  simply  in 
the  formation  of  0.03  gram  of  neutralization  precipitate  and  a  trace 
only  of  albumose.  The  undissolved  residue  when  dried  weighed 
6.9301  grams,  the  plus  weight  being  due  to  the  insoluble  matter  of 
the  papain.  The  slight  corrections  made  necessary  by  these  data 
have  been  embodied  in  the  above  figures. 

The  percentage  results  calculated  on  the  dry  proteid  used  are  as 
follows :  — 


Period  of  digestion  at  40^  C.    .     .    . 

25  hour?. 

55.9 

0.6 
41.1 

2.4 

48  hours. 

57.9 

0.5 
33.9 

7.7 

72  hours. 

Undissolved  residue 

Neutralization  precipitation     .    .     . 
Albumoses 

54.8 
0.1 

36.7 
8.4 

Peptone •. 

100.0 

100.0 

100.0 

Here,  for  some  reason,  the  formation  of  peptone  was  comparatively 
slight.  Although  the  amount  of  papain  employed  in  each  mixture 
was  less  than  the  quantity  used  in  the  first  scries  of  experiments,  the 
ratio  of  papain  to  dry  proteid  was  much  the  same  in  the  two  cases. 
Evidently,  the  papain  made  use  of  in  this  last  experiment  was  far  less 
active  than  the  preceding  preparation,  as  shown  also  by  the  large  per- 
centage of  undissolved  residue.  To  be  sure,  considerable  albumose 
was  formed,  but  the  enzyme  was  so  lacking  in  vigor  that  extensive 
proteolysis  was  impossible,  and  as  a  result  the  formation  of  peptone 
progressed  very  slowly.  Still,  even  under  these  adverse  conditions, 
some  peptone  was  formed  —  easily  recognizable  by  the  biuret  reac- 
tion—  and  the  proportion  increased  slowly  with  continued  digestion. 
There  is  therefore  even  in  this  experiment  no  confirmation  of  the 
statement  that  papain  is  unable  to  form  peptone,  but  merely  a  sugges- 
tion of  the  necessity  of  obtaining  an  active  preparation  of  the  enzyme 
in  order  to  arrive  at  a  true  understanding  of  its  proteolytic  power. 

In  a  third  series  of  experiments  still  another  preparation  of  papain 
was  employed :  one  which  preliminary  experimentation  showed  to 
be  quite  active.  Each  mixture  contained  150  c.c.  of  0.25  per  cent 
sodium    carbonate    saturated    with    chloroform,    50   grams    of  moist 
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coagulated  egg-albumin,  and  0.75  gram  of  papain.  A  control  mix- 
ture of  albumin,  etc.,  in  which  the  papain  was  boiled  to  destroy  its 
activity,  was  also  included  in  the  series.  In  this  series,  however, 
digestion  at  40"^  C.  was  continued  for  longer  periods,  and  it  is  like- 
wise to  be  noted  that  the  ratio  of  dry  proteid  to  the  papain  employed 
varied  from  that  in  the  previous  experiments.  Further,  the  method 
of  determining  the  albumoses  and  peptone  was  somewhat  different 
from  that  previously  used.  Thus,  after  separating  the  undissolved 
residue  and  neutralization  precipitate,  the  neutral  fluid  was  con- 
centrated and  the  albumoses  precipitated  by  saturation  of  the  fluid  in 
the  cold  with  pure  zinc  sulphate  after  the  method  of  Bomer.^  This 
precipitate  was  collected  on  a  filter,  washed  thoroughly  with  a  satu- 
rated solution  of  zinc  sulphate,  after  which  it  was  dissolved  in  water, 
the  solution  made  up  to  a  given  volume,  and  the  nitrogen  determined 
in  a  fraction  of  the  fluid  by  the  Kjeldahl  method.  On  multiplying  the 
values  so  obtained  by  the  factor  6.25  the  amounts  of  albumoses  pres- 
ent were  calculated.  The  figures  for  peptone  were  obtained  by  differ- 
ence, but  were  verified  by  determination  of  the  nitrogen  in  the  zinc 
sulphate-saturated  filtrates.  This,  however,  was  not  easily  accom- 
plished owing  to  the  presence  of  so  much  zinc  sulphate ;  but  on  dilut- 
ing the  fluid  with  water  we  were  able  to  determine  the  nitrogen  in  a 
small  volume  of  the  mixture,  using  the  Kjeldahl  method,  and  on  mul- 
tiplying the  nitrogen  found  by  the  factor  6.25  we  obtained  values  not 
greatly  at  variance  with  those  given  by  difference.  It  is  needless  to 
say  that  the  control  mixture  was  treated  in  a  similar  manner  and 
corrections  made  for  nitrogen  introduced  with  the  papain,  etc.  Fol- 
lowing are  the  results  obtained  expressed  in  grams :  — 


Period  of  digestion  at  40^  C. 

48  hours. 

98  hours. 

144  hours. 

,    Undissolved  residue      .     .     . 
Neutralization  precipitate 
Albumoses 

0.9487 
00542 
06250 

1.6279 
4.4(H2 
2.7763 

1.0569 
0.0127 
0.6665 

1.1136 

aoi52 

0.7506 

Dry  proteid  used 

Peptone  formed 

1.7361 
4.4<M2 
2.6681 

1.8794 
4.4<M2 
2.5248 

^  B5MER:  Zinksulfat,  ein   Fallungsmittel  fiir  Albumosen,  Zeitschr.  f.  analyt. 
Chem.,  1895,  p.  562. 
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Expressed    in   percentages,  calculated   on   the   dry  proteid   used, 
these  figures  lead  to  the  following  results :  — 


Period  of  digestion  at  40^  C. 

48  hours. 

98  hours. 

144  hours. 

Undissolved  residue      .    .    . 
Neutralization  precipitate .    . 

Albumoses 

Peptone 

21.5 

1.2 

14.2 

63.1 

24.0 

0.3 

LS.l 

60.6 

25.2 

0.3 

17.0 

57.5 

100.0 

100.0 

100.0 

Here  we  have  plain  evidence  again  of  the  ability  of  papain  under 
suitable  conditions  to  form  relatively  large  quantities  of  peptone,  the 
latter,  in  this  experiment,  being  greatly  in  excess  over  all  the  other 
products  combined.  It  is  furthermore  evident  that  in  order  to  bring 
out  the  full  proteolytic  power  of  the  enzyme  (assuming  an  active 
preparation)  it  is  necessary  that  the  latter  be  present  in  fairly  large 
proportion,  /.  i\y  as  compared  with  the  proteid  matter.  When  this 
is  the  case,  as  in  the  present  experiment,  the  element  of  time  is  of 
less  moment.  In  other  words,  when  the  ratio  of  enzyme  to  proteid 
is  suitable,  the  maximum  digestive  action  under  those  conditions  is 
reached  in  24-48  hours,  and  longer  exposure  at  40°  C.  fails  to  in- 
crease the  proportion  of  peptone  formed.  In  illustration  of  this 
point  compare  the  results  of  the  first  and  third  experiments.  In 
conclusion  we  think  it  clearly  established  that  papain  is  not  only 
a  peptone-forming  enzyme,  but  that  under  proper  conditions  it 
is  able  to  transform  a  large  proportion  of  the  proteid  matter  into 
true  peptone.  In  confirmation  of  this  statement  we  have  been  able 
to  prepare  and  isolate  the  pure  peptone  in  quantity  sufficient  to 
study  some  of  its  physiological  properties. 


Some  Observations  on  the  Physiological  Action  of  the 
Deuteroalbumose  and  Peitone  formed  by  Papain. 

It  has  been  generally  believed  for  some  time  past  that  the  pri- 
mar}'  products  which  result  from  the  proteolytic  action  of  vegetable 
enzymes,  as  well  as  those  formed  by  the  action  of  superheated  water, 
are  somewhat  different  in  nature    from  the  corresponding  products 
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formed  by  pepsin-acid  and  by  trypsin.  Thus,  Neumeister^  has 
shown  that  if  atmid  albumin  or  atmid  albumose,  /.  e,,  the  albumose 
formed  by  the  action  of  superheated  water  on  blood-fibrin,  is  injected 
directly  into  the  blood  of  a  dog  it  appears  in  the  urine  wholly 
unaltered.  An  ordinary  albumose,  however,  /.  e,,  such  as  is  formed 
by  pepsin  or  trypsin,  when  introduced  into  the  circulation  (of  a 
dog)  appears  in  the  urine  more  or  less  hydrated.^  Thus,  proto- 
albumose  appears  in  the  urine  in  part  as  deuteroalbumose,  while 
if  deuteroalbumose  is  injected  into  the  blood  it  appears  in  the  urine 
as  peptone.  Peptone,  on  the  other  hand,  is  eliminated  wholly  un- 
changed. Neumeister^  also  makes  the  statement  that  the  products 
which  result  from  the  action  of  papayotin  upon  albuminous  sub- 
stances are  identical  with  those  formed  by  the  action  of  super- 
heated water.  This  implies  that  the  so-called  atmid  products  and 
the  papayotin  products  are  alike  in  their  resistance  to  the  action  of 
pepsin,*  for  it  is  assumed  at  least  that  it  is  the  presence  of  this  enzyme 
in  the  kidney  which  leads  to  the  hydration  of  the  ordinary  albumoses 
during  their  elimination  from  the  body.  In  the  case  of  rabbits,  where 
pepsin  is  wanting  in  the  kidney,  the  injection  of  albumoses  into  the 
blood  is  followed  by  their  elimination  unchanged  (Neumeister). 

Moreover,  there  are  certain  peculiarities  in  the  chemical  composi- 
tion of  the  atmid  bodies,^  shared  to  some  degree  by  the  proteoses 
formed  by  the  action  of  bromelin^  —  the  proteolytic  enzyme  of  pine- 
apple juice,  —  which  lends  favor  to  the  view  that  these  bodies  are 
not  quite  identical  with  the  proteoses,  etc.,  formed  by  animal  en- 

*  Neumeister:  Ueber  die  nachste  Einwirkung  gespannter  Wasserdampfe  auf 
Proteine  und  iiber  eine  Gruppe  eigenthiimlicher  Eiweisskorper  und  Albumosen. 
Zeitschr.  f.  Biol.,  1890,  xxvi,  p.  tj, 

*  Neumeister  :  Ueber  die  Einfiihrung  der  Albumosen  und  Peptone  in  den 
Organismus.     Ibid,^  1888,  xxiv^  p.  272. 

*  Neumeister  :  Ibid.^  xxvi,  p.  82. 

*  Since  this  paper  was  written,  there  has  appeared  an  article  by  E.  Salkowski, 
**  Ueber  die  Einwirkung  des  iiberhitzten  Wassers  auf  Eiweiss,"  Zeitschr.  f.  Biol., 
1897,  xxxiv,  p.  190  (Jubelband  zu  Ehren  von  W.  Kiihne),  in  which  it  is  stated  that 
the  atmidalbumose  formed  by  him  from  blood-fibrin  was  not  resistant  to  the  action 
of  either  pepsin,  trypsin,  or  bacteria,  thus  differing  widely  from  Neumeister's 
product. 

*  Chittenden  and  Meara  :  A  study  of  the  primary  products  resulting  from 
the  action  of  superheated  water  on  coagulated  egg-albumin.  Journal  of  physi- 
ology, 1894,  XV,  p.  501. 

*  Chittenden  :  The  proteolytic  action  of  bromelin,  the  ferment  of  pineapple 
juice.     Ibid.,  1894.  xv,  p.  249. 
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zymcs.  Consequently,  it  seemed  desirable  to  study  with  some  care 
the  physiological  behavior  of  the  albumoses  and  peptone  resulting 
from  papain-digestion  with  a  view  to  ascertaining  what  differences 
of  a  physiological  nature,  if  any,  exist  between  the  latter  products 
and  those  resulting  from  animal  enzymes. 

As  has  already  been  pointed  out,  the  soluble  products  which  are 
formed  in  the  digestion  of  coagulated  egg-albumin  with  papain  are 
mainly  deuteroalbumose  and  peptone.  These  were  prepared  in  con- 
siderable quantity  by  digesting  the  coagulated  albumin  from  four 
dozen  hen's  eggs  with  9  grams  of  papain  in  2  litres  of  0.25  per  cent 
sodium  carbonate  for  48  hours  at  40°  C.  in  the  presence  of  chloroform. 
The  resultant  fluid  freed  from  insoluble  matter  and  neutralization  pre- 
cipitate was  concentrated  to  a  small  volume  and  the  albumoses  precip- 
itated by  saturation  with  ammonium  sulphate,  boiling  hot,  from  a 
neutral,  acid,  and  alkaline  reacting  fluid.  The  precipitate  so  obtained 
was  dissolved  in  water,  the  fluid  carefully  neutralized,  and  then  dia- 
lyzed  in  running  water  until  wholly  free  from  ammonium  sulphate  and 
other  salts.  The  solution  was  then  filtered  from  a  little  insoluble  mat- 
ter (heteroalbumose,  dysalbumose)  concentrated  to  a  small  volume, 
and  a  portion  tested  for  protoalbumose  by  saturation  of  the  neutral 
fluid  with  rock  salt.  No  precipitate  whatever  was  obtained,  conse- 
quently the  entire  volume  of  fluid  was  brought  to  a  syrup  and  the 
deuteroalbumose  precipitated  with  strong  alcohol.  After  thorough 
washing  with  alcohol  and  ether,  the  substance  was  dried  at  100°  C. 
making  about  20  grams  of  pure  deuteroalbumose. 

To  obtain  the  peptone,  the  ammonium  sulphate-saturated  filtrate 
from  the  albumoses  was  treated  with  50  per  cent  alcohol,  thereby  pre- 
cipitating a  large  portion  of  the  ammonium  salt,  while  the  residual 
sulphate  was  removed  from  the  filtrate,  after  freeing  from  alcohol,  by 
treatment  with  barium  hydroxide  followed  by  barium  carbonate.  On 
evaporating  the  final  filtrate  to  a  syrup  and  treating  with  alcohol,  the 
peptone  was  precipitated  more  or  less  gummy,  after  which  it  was 
dehydrated  by  successive  treatments  with  absolute  alcohol  and  ether, 
and  finally  dried  at  100"^  C.  About  10  grams  of  pure  peptone  were 
obtained. 

Mode  of  Experimentation.  —  Our  study  of  the  physiological  action 
of  the  deuteroalbumose  and  peptone  formed  above  was  limited  to 
ascertaining  their  effects  on  blood-coagulation,  their  influence  on 
blood-pressure,  and  their  elimination  by  the  kidneys.  In  all  of  the  ex- 
periments dogs  were  employed,  the  animals  always  being  anaesthetized. 
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Most  generally  this  was  accomplished  by  means  of  a  mixture  of  equal 
parts  of  chloroform  and  ether,  although  in  some  of  the  experiments 
morphine  sulphate  was  injected  hypodermically  followed  by  the  ad- 
ministration of  chloroform  and  ether.  In  the  few  cases  where  mor- 
phine was  used,  it  was  employed  in  the  proportion  of  i  centigram  of 
morphine  sulphate  for  each  kilo  of  body-weight. 

The  albumose  or  peptone  was  introduced  either  into  the  left  fem- 
oral vein  or  into  the  facial  vein  through  a  cannula  connected  with  a 
burette.  The  substance,  in  the  proportion  of  0.5  gram  per  kilo  of 
body-weight,  was  dissolved  in  0.7  per  cent  sodium  chloride  solution, 
the  volume  of  the  fluid  injected  ranging  from  30  c.c.  to  50  c.c.  and 
never  exceeding  the  latter.     The  fluid  was  warmed  to  40°  C. 

To  observe  the  rate  at  which  the  blood  coagulated,  portions  about 
5  c.c.  each  were  withdrawn  at  stated  intervals  from  the  right  femoral 
artery  through  a  cannula  inserted  in  that  vessel,  the  blood  being  col- 
lected in  slender  test-tubes  to  observe  the  time  of  coagulation.  Each 
time  the  blood  was  withdrawn  from  the  artery  the  first  portion  passing 
out  was  discarded.  Moreover,  the  cannula  was  removed  and  cleaned 
after  each  withdrawal  of  blood.  Blood-pressure  was  registered  at  the 
carotid  artery,  or  in  some  instances  at  the  left  femoral  artery,  using  a 
Hiirthle  spring  manometer  and  a  Baltzar  kymographion  driven  at  a 
slow  rate. 

Influence  on  Coagulation  of  the  Blood.  —  The  effects  of  deutero- 
albumose  and  peptone  on  the  coagulation  of  the  blood  were  observed 
in  eight  experiments  on  dogs  ranging  in  weight  from  5  to  11.5  kilos. 
In  the  first  experiment  the  dosage  of  albumose  was  0.33  gram  per 
kilo  of  body-weight,  but  in  four  other  experiments  the  dosage 
was  increased  to  0.5  gram  per  kilo,  which  proportion  was  likewise 
used  in  the  three  experiments  with  peptone.  Following  are  the 
results  obtained :  — 

FIRST   EXPERIMENT. 

Dog,  9  kilos.  3  grams  deuteroalbumose  in  37  c.c.  OJ  i)er  cent  NaCl. 

Injection  lasted  2  min.  45  sec. 
The  normal  blood  coagulated  in  3  minutes.^ 

Blood  withdrawn  3  minutes  after  injection  of  albumose  coagulated  in  30  min. 
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*  The  figure  given  for  the  coagulation-time  of  the  normal  blood  is  the  average 
of  2-3  determinations. 
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SECOND   KXPERIMEXT. 


Dog,  6.5  kilos.         3.25  grams  dcuteroalbumose  in  50  c.c.  07  per  cent  NaCl. 

Injection  lasted  3  minutes. 
The  normal  blood  coagulated  in  10  minutes. 

Blood  withdrawn  1  minute  after  injection  of  albumose  coagulated  in  1  hr.  27  min. 
••  •*  4  '♦  ♦•  **  «.  1    '•    23    " 


<l 

S 

<t 

12 

<t 

18 

<( 

29 

M 

47 

•4 

a 

49 

Bitch, 

1.1  kilos. 

«t 

44 
41   , 
44 
44 

44 


«< 
4« 
44 
44 
4* 
44 


44 
44 
44 
4< 
44 
4< 


44 
44 
4< 
44 
<4 
44 


4( 
44 


1   ••  19 

1   »*  15 

1   ••  10 

0  **  58    " 

0  "  40    " 

0  •'  38    " 


THIRD   EXPERIMENT. 


3.5  grams  lieuttrotilbumose  in  50  ex.  0.7  per  cent  NaCl. 
Injection  lasted  1  minute. 
The  normal  blood  coagulated  in  9  minutes. 

Blood  withdrawn  2  min.  after  injection  of  albumose  was  uncoagulated  at  the  end  of  18  hrs. 
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FOURTH   EXPERIMENT. 

« 

Dog,  7  kilos. 

3.5  grams  deuteroalbumosc  in  50  c.c.  0  7  per  cent  NaCl. 

Injection  lasted  1  min.  15  sec. 
The  normal  blood  coagulated  in  3.5  minutes. 

Blood  withdrawn  6  min.  after  injection  of  albumose  was  uncoagulated  at  the  end  of  36  hrs. 
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FIFTH   EXPERIMENT. 

5.6  grams  deuteroalbumose  in  40  c.c.  0.7  per  cent  NaCl. 
Injection  lasted  45  seconds. 
The  normal  blood  coagulated  in  9  minutes. 

Blood  withdrawn  2  minutes  after  injection  of  albumose  coagulated  in  1%  hours. 
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SIXTH   EXPERIMENT. 


271 


Bitch,  5  kilos. 


3.7  %T2JR!s  peptoru  in  30  c.c.  0.7  per  cent  NaCl. 
Injection  lasted  40  seconds. 
The  nonnal  blood  coagulated  in  3  minutes. 

Blood  withdrawn  5  minutes  after  injection  of  peptone  coagulated  in  6  hours. 
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SEVENTH   EXPERIMENT. 


Bitch,  5.5  kilos. 


2.75  grams  peptone  in  30  c.c.  0.7  per  cent  NaCl. 
Injection  lasted  30  seconds. 
The  normal  blood  coagulated  in  1.5  minutes. 

Blood  withdrawn  3  minutes  after  injection  of  peptone  coagulated  in  3-10  hours. 
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EIGHTH    EXPERLMENT. 


Dog,  5  kilos. 


Control  experiment.       30  c.c.  0.7  per  cent  NaCl. 
Injection  lasted  30  seconds. 
The  normal  blood  coagulated  in  5  minutes. 

Blood  withdrawn  2  minutes  after  injection  of  salt  solution  coagulated  in  3  min. 
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Fourteen  minutes  afterwards  30 grams  peptotu  in  30  c.c.  0.7  per  cent  NaCl  were  injected. 

Injection  lasted  30  seconds. 

Blood  withdrawn  2  minutes  after  injection  of  peptone  coagulated  in  10-17  hours. 
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From  these  experiments  it  is  very  manifest  that  both  deuteroalbu- 
mose  and  peptone,  as  formed  from  egg-albumin  by  papain,  have  a 
marked  effect  upon  the  coagulation  of  the  blood.  With  the  dosage 
employed,  namely,  fifty  centigrams  per  kilo  of  body-weight,  coagulation 
is  retarded  for  periods  ranging  from  thirty  minutes  to  thirty-six  hours. 
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Further,  some  of  the  experiments  seemingly  suggest  that  deuteroal- 
bumose  is  somewhat  more  effective  than  pure  peptone  in  retarding 
coagulation.  It  is  likewise  noticeable  that  this  retarding  effect  upon 
coagulation  is  much  more  striking  and  also  more  permanent  in  some 
cases  than  in  others,  even  though  the  conditions  are  apparently  the 
same.  Thus,  in  the  second  and  third  experiments,  in  which  the  dosage 
of  deuteroalbumose  per  kilo  is  exactly  the  same,  there  is  a  marked 
difference  in  the  character  of  the  results,  due,  however,  we  believe,  to 
differences  in  blood-pressure  and  to  consequent  differences  in  the  rate 
of  elimination  through  the  kidneys.  In  connection  with  this  last 
statement  it  is  to  be  noted  that  in  many  of  the  experiments,  with  both 
albumose  and  peptone,  the  period  of  retardation  shows  a  steady 
decrease  (as  in  the  fifth,  seventh,  and  eighth  experiments)  until  event- 
ually, 50-100  minutes  after  the  injection,  the  time  of  coagulation 
approaches  somewhere  near  that  of  the  normal  blood. 

What  now  is  to  be  said  regarding  the  relationship  of  these  bodies 
in  their  action  on  blood-coagulation  to  the  corresponding  bodies  of 
animal  origin?  Obviously,  in  considering  this  question  little  weight 
can  be  attached  to  results  obtained  with  such  products  as  Witte's  so- 
called  peptone,  since  the  latter,  as  is  well  known,  is  a  mixture  of 
several  albumoses  with  some  peptone.  Hence,  the  earlier  results 
obtained  with  products  in  which  the  two  classes  of  substances  — albu- 
moses and  peptones  —  were  not  differentiated  have  in  the  present 
connection  only  a  general  interest.^  Pollitzcr,*'^  on  the  other  hand, 
working  with  the  individual  albumoses  formed  by  pepsin-acid,  found 
that  while  all  of  these  substances  prevented  or  delayed  the  coagula- 
tion of  the  blood,  the  primary  albumoses  were  most  effective,  deutero- 
albumose least  so.  Further,  amphopeptone  led  to  variable  results, 
frequently  wholly  negative,  while  anti peptone  as  formed  by  trypsin 
was  almost  entirely  w-anting  in  any  constant  effects.  Grosjean,^  how- 
ever, observed  that  the  peptone  formed  in  gastric  digestion  does 
retard  coagulation,  although  its  action  is  less  vigorous  than  that  of 

^  Schmidt-Mulheim:  Beitriige  zur  Kenntniss  des  Peptons  unci  seiner  physio- 
logischen  Hedeutung.  Du  Bois-Reymond's  Arcbiv  f.  Physiol.,  1880,  p.  33:  Fano: 
Das  Verlialten  des  Peptons  und  Tryptons  gegen  Blut  und  Lymphe.  Ibid,^  1 88 1, 
p.  277;  Thompson:  Contribution  to  the  physiological  effects  of  *  peptone '  when 
injected  into  the  circulation.     Journal  of  physiology,  1896,  xx,  p.  455. 

-  PoLLiTZER  :  On  the  physiological  action  of  peptones  and  albumoses.  Ibt'd,^ 
1886,  vii,  p.  283. 

*  Grosjean  :  Recherches  sur  Faction  physiologique  de  la  propeptone  et  de  la 
peptone.     Archives  de  biologie,  1892,  xii. 
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the  albumoses.  With  antipeptone,  Spiro  and  Ellinger^  found  that 
the  effect  produced  was  dependent  entirely  upon  the  dosage  of  pep- 
tone employed.  Thus,  with  0.6  gram  per  kilo  of  body-weight  coagu- 
lation-time was  reduced  from  eight  to  four  minutes,  while  with  i.i 
grams  of  peptone  per  kilo  the  blood  was  rendered  non-coagulable. 
Lastly,  Thompson^  has  reported  that  antipeptone  in  doses  up  to  thirty 
centigrams  per  kilo  tends  to  hasten  the  coagulation  of  the  blood, 
while  deuteroalbumose  sometimes  produces  a  retardation  and  some- 
times a  hastening  of  coagulation,  apparently  independent  of  the 
dosage.*  It  is  obvious  from  these  brief  statements  that  any  sharp 
comparison  between  the  digestive  products  formed  by  papain  and 
those  resulting  from  the  action  of  pepsin  and  trypsin  is  hardly  possible. 
It  is,  however,  seemingly  true  that  the  deuteroalbumose  and  peptone 
resulting  from  papain-digestion  have  a  greater  retarding  effect  upon 
blood-coagulation  than  the  corresponding  products  formed  by  the 
animal  enzymes.  Thus,  papain-peptone  in  doses  of  0.5  gram  per 
kilo  never  failed  (in  three  experiments)  to  retard  coagulation  for 
3-10  hours,  while  of  antipeptone  a  dosage  of  0.6  gram  per  kilo  accel- 
erates coagulation  (Spiro  and  Ellinger).  Further,  papain-deutero- 
albumose  in  doses  of  0.33-0.5  gram  per  kilo  invariably  caused  marked 
retardation  of  coagulation ;  far  beyond  anything  reported  by  Thomp- 
son with  deuteroalbumose  in  doses  up  to  0.3  gram  per  kilo.  Any 
attempt  at  closer  comparison  in  this  direction  would  hardly  be  jus- 
tified with  our  present  knowledge.  We  would  call  special  attention, 
however,  to  the  tendency  manifested  in  all  of  our  experiments  for  the 
effect  produced  by  papain-deuteroalbumose  and  peptone  on  the  blood 
to  pass  gradually  off,  until  finally,  as  in  the  fifth  experiment,  the  coag- 
ulation-time may  be  considerably  shorter  than  that  of  the  normal 
blood.  We  attribute  this  result  solely  to  the  gradual  elimination  of 
the  proteid,  and  as  the  rate  of  elimination  varies  with  changes  in 
blood-pressure,  etc.,  produced  by  the  substance,  it  follows  that  the 
duration  of  the  effect  upon  the  blood  will  vary  not  only  with  the  do- 

^  Spiro  and  Ellinger  :  Der  Antagonismus  gerinnungsbefordernder  und  gerin- 
nungshemmender  Stoffe  im  Blute  und  die  sogenannte  Peptonimmunitat.  Zeitschr. 
f.  physiol.  Chem.,  1897,  xxiii,  p.  135. 

*  Thompson:  The  physiological  effects  of  peptone  and  its  precursors  when 
introduced  into  the  circulation.  Interim  Report  of  a  Committee  consisting  of  Pro- 
fessors Schafer,  Sherrington,  Boyce,  and  Thompson.  Report  by  the  Secretary, 
1896-97. 

•  See  also  the  papers  on  peptone  and  propeptone,  by  Gley  and  by  Dastre  in  tlie 
Compt  rend.  soc.  de  biologie,  1896. 
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sa^'c  given,  but  also  with  tlie  period  of  its  detention  within  the  blood 
current,  i^istly,  the  acceleration  of  coagulation  observed  65-85  min- 
utes after  injection  of  the  albumose  (Kxperiment  fifth)  suggests  that 
small  doses  of  the  substance  may  produce  an  effect  quite  the  opposite 
of  that  produced  by  a  large  dose,  as  observed  by  Spiro  and  Ellinger 
with  antipeptone.  In  conclusion,  we  see  in  these  results  nothing  to 
warrant  the  iissumption  that  the  two  papain  products  arc  widely  differ- 
ent from  ordinary  digestive  products  of  a  like  degree  of  hydration. 
They  certainly  do  not  differ  from  the  corresponding  products  of  pep- 
sin or  trypsin  digestion  more  than  the  latter  products  differ  among 
themselves.  Thus,  according  to  the  experiments  of  Arthus  and 
Huber.*  of  gelatose,  2  grams  per  kilo  of  body-weight  are  required 
to  render  the  blood  of  the  dog  non-coagulable,  while  of  caseose  1.5 
grams  per  kilo  are  needed ;  amounts  far  larger  than  are  required  of 
an  albumose  formed  from  either  egg-albumin  or  blood-fibrin.  Indeed, 
we  have  obser\ed  in  a  single  experiment  with  pure  protogelatose  that 
five  grams  of  the  substance  (dissolved  in  water)  introduced  into  the 
facial  vein  of  a  dog  weighing  between  three  and  four  kilos,  hastened 
the  rate  of  coagulation, 

XUimination  by  the  Kidneys. — As  already  stated,  Neumeister  has 
shown  that  when  ordinary  albumoses  are  introduced  into  the  blood  of 
the  dog,  they  are  eliminated  in  the  urine  more  or  less  hydrated.  The 
atmidalbumoscs,  on  the  contrary,  he  found  were  eliminated  unchanged. 
What  now  is  the  behavior  of  the  deuteroalbumose  formed  by  papain 
when  similarly  injected?  In  the  second  experiment  already  detailed, 
in  which  a  dog  of  6.5  kilos  was  given  3.25  grams  of  papain-deutero- 
albumose  by  injection  into  the  facial  vein,  the  bladder  (empty  at  the 
beginning  of  the  experiment)  was  found  one  hour  after  the  injection 
distendeil  with  urine.  The  fluid,  amounting  to  150  c.c,  was  removed, 
filtorod.  and  saturated,  boiling  hot,  with  ammonium  sulphate.  A 
hoavN'  gummy  precipitate  resulted,  which  after  being  washed  with  a 
saturated  solution  of  the  ammonium  salt,  was  dissolved  in  water  and 
tested.  It  was  composed  of  unaltered  deuteroalbumose.  On  testing 
the  filtrate  from  the  latter  precipitate,  after  again  boiling  with  ammo- 
nium sulphate  to  ensure  the  complete  removal  of  the  deuteroalbumose, 
an  intense  biuret  reaction  was  obtained,  thus  showing  plainly  the  pres- 
ence of  a  comparativeh*  large  amount  of  true  peptone.     In  this  experi- 

'  .\Rriirs  .imi  Hiufk:  Action  dcs  inieotions  intraveineuses  de  produits  dc 
disrcslions  iH^ptique  et  tn-]"ttiq«e  de  l,i  i::<51,'itine  et  dii  casoum  sur  la  coagulation  du 
s;in^  chcz  le  chien.     Arch,  do  phvsioL.  1807,  5-  ^"i-  P-  ^57- 
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ment,  therefore,  there  was  marked  diuresis,  accompanied  by  a  rapid 
elimination  of  the  deuteroalbumose,  but  most  important  of  all,  a  large 
proportion  of  the  eliminated  albumose  underwent  hydration  into  true 
peptone  during  its  transit  from  the  blood  to  the  urine.  Such  a  result 
as  this,  however,  is  not  always  obtained.  Thus,  in  the  third  experi- 
ment blood-pressure  was  greatly  lowered,  and  an  hour  after  the  injec- 
tion the  bladder  contained  only  a  few  drops  of  fluid,  with  which  no 
distinct  reaction  for  either  albumose  or  peptone  could  be  obtained. 
In  harmony  with  these  two  results,  the  blood  in  the  last  experiment 
drawn  46  minutes  after  the  injection  did  not  coagulate  within  18 
hours,  while  in  the  first  experiment,  where  elimination  was  compara- 
tively rapid,  the  blood  drawn  49  minutes  after  the  injection  coagu- 
lated in  38  minutes.  Further,  in  the  fifth  experiment  detailed  above, 
85  minutes  after  injection  of  the  albumose,  retardation  of  blood-co- 
agulation was  wholly  at  an  end  ;  indeed,  coagulation  took  place  more 
rapidly  than  prior  to  the  injection.  At  this  time  the  bladder  was 
found  distended  with  urine,  and  the  latter  gave  a  strong  peptone  reac- 
tion and  a  fair  separation  of  albumose.^  In  the  fourth  experiment, 
there  was  no  marked  diuresis,  but  ^(i  minutes  after  the  injection  the 
bladder  was  half  full  of  urine,  the  latter  giving  a  strong  reaction  for 
peptone  with  only  a  trace  of  albumose.  Thus,  the  results  obtained  in 
this  connection  certainly  warrant  the  statement  that  whenever  papain- 
deuteroalbumose  undergoes  elimination  through  the  kidneys  of  the  dog, 
it  behaves  in  the  same  manner  as  an  ordinary  albumose,  being  trans- 
formed in  great  part  into  true  peptone.  It  would  seem,  however,  that 
injection  of  papain-deuteroalbumose  is  less  liable  to  produce  suspen- 
sion of  the  renal  secretion  than  injections  of  ordinary  propeptone.^ 

With  papain-peptone  the  elimination  through  the  kidneys  appeared 
less  marked  than  with  the  albumose.  Still,  in  all  three  experiments 
the  bladder  was  found,  60-100  minutes  after  the  injection,  fairly  well 
filled  with  urine,  and  on  testing  the  latter  a  good  biuret  reaction  for 
peptone  was  obtained.  In  no  case  was  there  any  separation  of  an 
albumose  precipitate  on  saturating  the  fluid  with  ammonium  sulphate. 

Influence  on  Blood-pressure.  — U{>on  blood-pressure  the  albumose 
and  peptone  formed  by  papain  from  coagulated  egg-albumin  have 

*  In  a  recent  preliminary  communication  (Proceed.  Physiol.  Soc,  Nov.  13, 
1897),  Thompson  has  likewise  reported  that  Witte's  'peptone'  and  Grosjean*s 
peptone  when  injected  into  the  jugular  vein  of  dogs  may  lead  to  a  marked 
increase  in  the  quantity  of  urine  accompanied  by  an  excretion  of  part  of  the 
albumoses  and  peptone  injected. 

^  Compare  Grosjean  :  Loc,  cit. 
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much  the  same  general  effect  as  that  produced  by  ordinar>'  proteo- 
ses and  peptone.  In  all  of  our  experiments,  in  which  the  pressure 
was  recorded,  the  dosage  of  albumose  or  peptone  per  kilo  was  some- 
what larger  than  that  ordinarily  employed,  namely,  0.5  gram.  With 
this  dosage,  however,  there  was  in  nearly  every  experiment  a  marked 
and  rapid  fall  of  pressure  lasting  for  about  ten  minutes.  Moreover, 
the  extent  of  the  fall  was  seemingly  influenced  somewhat  by  the 
rapidity  of  the  injection,  a  fact  which  has  been  commented  upon  by 
Thompson.^  Our  experiments  also  incline  us  to  the  belief  that  the 
character  of  the  result  may  be  modified  somewhat  by  the  personality 
of  the  animal,  independent  of  the  dosage  and  the  duration  of  the 
injection.  The  experiments  in  this  direction,  however,  were  not  in- 
tended to  be  exhaustive,  but  simply  to  throw  light  upon  the  main 
problem  as  to  whether  the  papain  products  differ  radically  from 
ordinary  digestive  products.  In  one  or  two  instances  the  fall  of  pres- 
sure was  hardly  noticeable,  and  in  these  cases  the  elimination  of  the 
albumose  through  the  urine  was  quite  rapid.  The  two  following  ex- 
periments may  be  taken  as  typical  of  what  was  generally  observed 
with  deuteroalbumose. 

In  a  dog  weighing  7  kilos,  narcotized  by  chloroform-ether,  3.5 
grams  of  deuteroalbumose  dissolved  in  50  c.c.  0.7  per  cent  NaCl 
solution  were  injected  into  the  right  facial  vein,  the  injection  lasting 
I  min.  15  sec.  The  blood-pressure  was  lowered  immediately  from 
160  mm.  Hg  to  about  25  mm.  Within  four  minutes,  however,  the 
pressure  began  to  rise  gradually  but  steadily,  and  in  ten  minutes 
from  the  time  of  injection  was  approximately  normal  again. 

A  dog  of  1 1.6  kilos,  under  chloroform-ether  narcosis,  was  treated 
with  5.6  grams  of  the  albumose  by  injection  into  the  femoral  vein, 
the  injection  lasting  45  seconds.  Here,  the  pressure  fell  from  about 
150  mm.  Hg  to  100  mm.  within  one  minute,  gradually  rising  again 
to  the  normal  in  about  seven  minutes.  In  this  experiment  the  fall 
of  pressure  was  preceded  by  a  slight  rise  amounting  to  5  mm.  This 
initial  effect  of  the  injection  of  deuteroalbumose  upon  blood-pressure, 
i,  c.  a  slight  rise,  is  in  harmony  with  the  observations  of  Thompson  * 
with  Witte's  *  peptone.' 

Similar  experiments  with  pure  papain-peptone  gave  corresponding 
results,  namely,  an  immediate  and  rapid  fall  of  pressure,  the  latter 
rising  to  the  normal  again  in  nine  to  twelve  minutes. 

^  Thompson  :  Journal  of  physiology,  1896,  xx,  p.  460. 
^  Thompson  :  ioc.  cit.y  p.  461. 
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By  S.  J.  FERRIS  and  GRAHAM  LUSK. 
[Fr(mt  th€  Physiological  Laboratory  of  the  YaU  Medical  School^ 

IT  has  been  the  custom  of  Voit^  for  the  past  thirty-five  years  to 
demonstrate  upon  the  lecture  table  that  a  0.3  per  cent  hydrochloric 
acid  solution  acting  upon  cane-sugar  at  the  temperature  of  the  body 
causes  a  rapid  inversion  of  the  sugar,  as  may  be  shown  by  the 
acquired  power  to  reduce  Fehling's  solution.  That  the  stomach  itself 
may  cause  this  inversion  has  been  noted  by  several  authors,  Robner, 
Claude  Bernard,  ^  and  others.  Furthermore  Seegen  ^  has  shown,  on 
feeding  cane-sugar  to  dogs  and  killing  them  two  or  three  hours 
afterwards,  that  considerable  quantities  of  cane-sugar  with  invert- 
sugar  are  to  be  found  in  the  stomach,  while  only  invert-sugar  can  be 
detected  in  the  intestines.  Seegen  therefore  concluded  that  the  whole 
inversion  of  cane-sugar  takes  place  in  the  stomach.  In  an  experi- 
ment performed  by  one  of  us  (L.)*  under  Prof.  Voit*s  direction,  30 
grams  of  cane  sugar  were  given  to  a  starving  rabbit,  and  at  the  end 
of  six  and  a  half  hours  the  animal  was  killed  and  the  contents  of  the 
various  intestinal  segments  analyzed.  The  figures  in  grams  obtained 
are  here  reproduced : 

Cane-Sugar.  Invert-Sugar. 

Stomach 0.269  2.356 

Small  Intestines 0.002  O.OaS 

Coecum 0.  2.167 

Large  Intestine 0.  0.102 

It  IS  seen  here,  with  the  exception  of  a  minute  quantity  in  the  small 
intestine  quite  accountable  as  within  the  analytical  error  limit,  that 
the  cane-sugar  is  exclusively  present  in  the  stomach,  and  accompany- 
ing this  cane-sugar  is  found  nine  times  as  much  invert-sugar. 

*  Voit:  Zeitschr.  £.  Biologie,  1891,  xxviii,  p.  268. 

*  For  the  Literature  see  Voit,  loc.  cit, 

*  Seegen  :  Archiv  f.  d.  ges.  Physiol.,  1887,  xl»  P*  4i« 

*  Voit  :  loc»  cit,,  p.  269. 
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The  question  to  be  solved  by  us  was  this :  Is  the  acid  of  the  gastric 
juice  a  sufficient  agent  to  accomplish  such  inversion  of  cane-sugar  as 
takes  place  in  the  stomach? 

It  is  known  that  an  enzyme  of  the  intestines  acts  to  convert  cane- 
sugar  into  invert-sugar.  This  was  shown  by  Miura  *  to  be  true  of 
extracts  of  the  mucosa  of  the  small  intestine,  not  only  in  the  case  of 
the  rabbit  and  dog,  but  also  of  the  mucosa  of  still-born  infants,  where 
presumably  neither  bacteria  nor  ferments  introduced  through  the 
mouth  could  have  been  the  cause  of  the  inversion.  In  addition  to 
the  very  complete  literature  cited  by  Miura  may  be  mentioned  the 
work  of  Mendel,*  who  found  that  the  paralytic  secretion  from  an  in- 
testinal fistula  in  the  dog  had  the  power  of  inverting  a  cane-sugar 
solution  made  antiseptic  by  one  per  cent  of  sodium  fluoride.  Al- 
though the  presence  of  an  inverting  enzyme  for  cane-sugar  in  the 
small  intestines  is  definitely  proven,  a  similar  enzyme  within  the 
mucosa  of  the  stomach  has  not  been  found.  Miura  noticed  only  a 
very  slight  effect  upon  cane-sugar,  when  he  used  extracts  from  the 
stomachs  of  dogs,  and  none  at  all  after  using  strips  and  extracts  of 
the  stomachs  of  still-born  children.  It  may  be  added  that  Miura 
finds  that  the  large  intestine  also  has  no  influence  upon  the  inversion 
of  cane-sugar. 

This  being  the  known  history  of  the  behavior  of  saccharose  within 
the  digestive  tract,  our  interest  was  excited  to  determine  more  in 
detail  the  extent  of  the  action  at  the  body  temperature  of  hydrochloric 
acid  on  cane-sugar.  The  acids  used  for  this  purpose  were  in  o.l, 
0.2  and  0.3  per  cent  solutions,  comparable  with  the  acidity  of  nor- 
mal gastric  juice.  These  digestions  we  have  carried  on  for  different 
periods  of  time. 

The  pure  crystalline  cane-sugar  used  by  us  showed,  after  inver- 
sion by  boiling  half  an  hour  with  a  O.i  per  cent  hydrochloric  acid  and 
subsequent  neutralization,  a  reducing  power  equal  to  lOO  per  cent  of 
the  substance  employed.  A  known  quantity  of  this  sugar  in  solution 
was  brought  into  one  beaker  glass,  and  the  necessary  amount  of  dilute 
hydrochloric  acid  into  another.  Both  beakers  were  placed  in  a  ther- 
mostat at  a  temperature  of  between  37-40°,  until  they  had  acquired 
that  temperature.  The  hydrochloric  acid  was  then  poured  upon  the 
sugar  solution,  and  at  the  end  of  the  required  time  the  whole  was 
exactly  neutralized  with  sodium  hydrate.     As  a  matter  of  conven- 

^  Miura:  Zeitschr.  f.  Biologic,  1897,  xxxii,  p.  266. 

2  Mendel:  Archiv  f.  d.  ges.  Physiol,  1896,  xliii,  p.  434. 
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ience,  ^ye  found  it  best  to  use  as  a  supply  a  0.5  per  cent  hydrochloric 
acid  solution,  and  a  sodium  hydrate  solution  i  c.c.  of  which  would 
exactly  neutralize  i  c.c.  of  the  acid.  The  sugar  solutions  digested 
usually  approximated  one  per  cent,  although  five  per  cent  solutions 
were  also  used,  the  total  bulk  being  about  100  c.c.  in  each  experi- 
ment. The  sugar  determinations  were  made  in  duplicate,  according 
to  the  gravimetric  method  of  Allihn.  One  hundred  parts  of  invert- 
sugar  found  were  calculated  as  ninety-five  parts  of  cane-sugar. 
The  results  obtained  are  given  in  tabular  form  below. 


Time. 

0.91  % 
Cane-Sugar. 

0.95  % 
Sugar. 

0.91  % 
Sugar. 

5  %  Sugar. 

0.91  % 
Sugar. 

0.1  %  HCl. 

0.2  %  HCl. 

0.2  %  HCl. 

0.2  %  HCl. 

0.3  %  HCl. 

1  Hour    .    .    . 

2  "        ... 

3  "        ... 

4  "        ... 

5  "        ... 

7      "        ... 

10     "      ... 

12      "        ... 

•  •    •    • 

•  •    •    • 

•  •    •    • 

26.5  % 

•  •    •   • 

(40.6 
^39.3 

•  •   ■   • 

63.8 

14.0  % 

25.4 

30.9 

•  •    •    • 

■  •   •   • 

•  «   •    • 

■  •   •   • 

•  •   •   • 

«   •   •   • 

•  ■   •  • 

•  •   •   ■ 

37.8% 
47.5 

76.8 

81.7 
86.4 

15.5  % 

29.9 

34.2 

43.0 

59.6 

69.2 

•  •   •   • 

•  •  •   • 

22.2  % 

37.6 

49.5 

5a9 

62.4 

79.3 

93.4 
94.1 

The  results  show  that  the  stronger  the  acid  the  greater  the  inver- 
sion. In  general  the  same  percentage  inversion  is  obtained  with  a  5 
per  cent  sugar  solution  as  with  a  0.91  per  cent  solution.  The  amount 
of  the  sugar  inverted  by  the  same  acid  is  thus  proportional  to  the 
strength  of  the  sugar  solution.  While  the  acid  is  acting,  the  quantity 
of  cane-sugar  becomes  continuously  less  in  the  solution.  Hence  a 
smaller  amount  is  continuously  being  inverted.  If  we  take  the  case 
of  the  0.91  per  cent  sugar  and  the  o.i  per  cent  acid  we  find  that  26.5 
per  cent  of  the  sugar  is  inverted  in  four  hours.  If  this  proportionate 
decrease  be  maintained  for  twelve  hours,  60.3  per  cent  of  the  sugar 
should  be  inverted,  whereas,  in  fact,  63.8  per  cent  is  found  so  changed. 
The  process  involved  is  dependent  on  Wilhelmy's  law  of  chemical 
change.* 

It  seemed  important   to  determine   whether  hydrochloric  acid  in 

1  OsTWALD  :  Lehrbuch  der  allgemeinen  Chemie,  1887,  it,  p.  617. 
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chemical  combination  with  proteid  and  the  products  of  proteid  di- 
gestion had  this  power  of  inverting  cane-sugar.  It  was  found  that 
beaten  and  dialyzed  white  of  egg  digested  with  0.3  per  cent  hydro- 
chloric acid  and  pepsin  until  no  reaction  is  given  with  tropaeolin  has 
no  inverting  power  upon  cane-sugar,^  The  sugar  test  was  made  after 
twice  precipitating  the  proteid  with  acetic  acid  and  absolute  alcohol, 
in  each  case  neutralizing  and  evaporating  the  alcohol.  No  reduction 
of  Fehling's  solution  could  be  obtained. 

If  wc  now  compare  our  results  with  the  figures  given  for  the  ex- 
periment on  the  living  rabbit,  we  find  in  the  rabbit's  stomach  after 
six  and  a  half  hours,  ten  per  cent  of  cane-sugar  and  ninety  per  cent 
of  invert-sugar ;  while,  on  the  other  hand,  in  our  beakers  using  0.2  per 
cent  and  0.3  per  cent  hydrochloric  acid  solutions,  were  found  after 
seven  hours  between  seventy  and  eighty  per  cent  of  invert-sugar,  and 
twenty  to  thirty  per  cent  of  cane-sugar  not  inverted.  Perhaps  the 
higher  inversion  in  the  animal  was  due  to  the  continual  motion  in  the 
stomach,  or  possibly  even  to  an  acid  of  greater  strength.  At  all  events 
the  results  obtained  in  the  beakers  are  not  very  divergent  from  those 
found  in  the  animal. 

We  may  perhaps  draw  the  following  picture  of  the  fate  of  cane- 
sugar  within  the  body.  Sugar  solutions  (dextrose)  up  to  5  per  cent 
according  to  Tappeiner  ^  and  Brandl  ^  are  not  absorbed  by  the  stom- 
achs of  dogs.  In  higher  concentrations  absorption  takes  place  through 
the  stomach  wall,  and  the  mucous  membrane  becomes  flushed  with 
blood  and  appears  very  red.  If  large  quantities  of  cane-sugar  be  fed  to 
rabbits*  or  to  man  ^  some  of  it  may  appear  for  a  short  time  in  the 
urine.  This  cane-sugar  absorbed  as  such  we  now  know  from  the 
investigations  of  F.  Voit®  is  not  burned  in  the  system,  but  is  quanti- 
tatively eliminated  in  the  urine.  Since  only  invert-sugar  is  to  be 
found  in  the  small  intestine,  it  may  safely  be  argued  that  the  absorp- 
tion of  cane-sugar  as  such  takes  place  only  in  the  stomach,  and  there 

^  If  unbeaten  white  of  ^gg  be  used  in  the  same  way,  inversion  does  take  place. 
This  we  can  explain  only  under  the  supposition  that  the  digestive  liquid  penetrates 
the  cells  of  the  tgg  with  difficulty,  and  that  there  is  therefore  free  hydrochloric 
acid  present,  although  on  warming  in  the  tropaeolin  test  it  has  the  opportunity  of 
combining  with  the  proteid. 

2  Tappeiner:  Zeitschr.  f.  Biologie,  1880,  xvi,  p.  506. 

*  Brandl:  Zeitschr.  f.  Biologie,  1892,  xxix,  p.  287. 

*  VoiT :  loc.  cit.y  p.  270. 

*  MoRiTz:  Verhandl.  d.  X  Congresses  f.  innere  Medicin,  1891,  pp.  492-501. 
®  VoiT,  F. :  Miinchener  med.  Wochenschrift,  1896,  xliii,  p.  887. 
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only  when  in  large  quantities.  The  strongly  stimulated  gastric  mu- 
cosa must  furnish  a  gastric  juice  containing  much  hydrochloric  acid 
and  hence  capable  of  energetic  inverting  power.  The  enzyme  present 
in  the  intestines  has  the  office  of  quickly  transforming  into  invert- 
sugar  any  of  the  cane-sugar  which  passes  through  the  pylorus. 

Proceeding  one  step  farther,  we  find  the  statement  of  Minkowski  ^ 
that  levulose  absorbed  in  pancreas  diabetes  may  be  converted  into 
dextrose  to  the  extent  of  fifty-three  per  cent.  As  much  as  seventy- 
five  per  cent  of  the  cane-sugar  fed  may  therefore  be  converted  by 
the  organism  into  dextrose,  the  ordinary  sugar  of  the  blood. 

^  Minkowski  :  Archiv  f.  exper.  Pathol,  u.  PharmakoL,  1893,  xxxi,  p.  157. 
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ON   THE    MEASUREMENT   OF   MENTAL  ACTIVITY 
THROUGH   MUSCULAR  ACTIVITY  AND   THE 
DETERMINATION   OF   A   CONSTANT  OF 

ATTENTION. 

By  JEANNETTE   C.   WELCH. 
[Frtmi  the  Hull  Physiological  Laboratory  of  the  University  of  Chicago \ 

TN  1886  Loeb  published  a  preliminary  communication  in  which 
-*■  he  showed  how  muscular  force  could  be  used  for  the  measure- 
ment of  mental  activity.^  He  found  that  the  maximum  pressure 
which  the  flexor  muscles  of  the  hand  can  exercise  upon  a  dynamom- 
eter becomes  smaller  when  the  person  attempts  to  do  mental  work 
simultaneously.  The  mental  work  in  Loeb's  experiments  consisted 
in  multiplying  and  reading.  The  more  difficult  the  multiplication, 
the  smaller  the  maximum  pressure  became.  If/*  be  the  maximum 
pressure  without  mental  work  and  /  the  maximum  pressure  with 
simultaneous  mental  work,  the  more  attention  the  mental  work  re- 
quires the  larger  P — /  becomes. 

If  we  assume  further  that  P  is  the  expression  of  the  attention  in 

the  case  that  the  whole  available  attention  is  given  to  muscular  work, 

P—p 

the  expression  --p-  represents  the  constant  of  attention  for  one  kind 

of  mental  work.  It  is  of  interest  to  determine  how  this  constant 
varies  quantitatively  for  different  kinds  of  mental  work.  At  the  re- 
quest of  Dr.  Loeb,  and  under  his  direction,  I  determined  the  con- 
stant of  attention  for  a  number  of  various  mental  activities.  The 
experiments  were  finished  during  the  year  1895.  Circumstances,  how- 
ever, have  delayed  their  publication. 

^  Loeb:  Muskelthatigkeit  als  Maass  psychischer  Thatigkeit.  Arch.  f.  d.  ges. 
Physiol.,  xxxix,  p.  592. 
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Before  I  give  the  results  of  these  experiments  it  will  be  necessary 
to  describe  the  methods  used. 

I.  On  the  Methods  of  determining  Static 
Contraction. 
I  used  Loeb's  dynamograph  (Fig.  i),  designed  for  this  special  in- 
vestigation.   The  subject  grasps  the  handle,  braces  the  palm  of  the 
hand  against  the  post,  then  pulls  as  shown  in  the  drawing. 


The  force  of  the  hand  works  against  the  elasticity  of  a  steel  bar 
attached  to  a  movable  axle  which  has  a  lever.  The  axle,  bar,  and 
lever  are  all  in  one  piece,  which  is  held  by  steel  screw  points.  The 
steel  bar  rests  against  a  wedge.  The  length  of  the  part  strained  can 
be  varied  by  moving  the  wedge  to  any  place  on  the  scale. 

Fig.  2  is  a  drawing  of  the  steel  wedge  and  axle.  The  distance 
between  the  handle  and  the  post  can  be  adjusted  to  hands  of  differ- 
ent sizes.  This  distance  is  kept  constant  for  the  same  subject.  As 
the  bar  bends,  the  axle  turns  and  the  lever  is  raised. 

The  dynamometer  was  calibrated  by  suspending  weights  to  the 
hooks  on  the  axle,  the  force  being  directed  by  a  pulley,  in  the  direc- 
tion in  which  the 
"  a^— *   pull  is  made.    The 

height  to  which  the 
lever  was  raised  for 
each  additional  kilo- 
gram was  traced  on 
^'°^'"'-  =  the  smoked  drum  of 

a  kymograph.     In  this  manner  a  scale  was  made  by  which  every  kilo- 
gram of  force  applied  to  the  dynamometer  could  be  measured  directly. 


The  Measurement  of  Mental  Activity. 


285 


The  static  contraction  is  a  contraction  caused  by  a  constant  inner- 
vation. The  subject  grasped  the  handle  of  the  dynamometer  and 
gave  a  constant  maximum  innervation  to  the  muscles  of  the  hands 
until  the  beginning  of  fatigue  was  felt,  a  curve  being  traced  on  the 
revolving  cylinder.  A  time-marker  connected  with  a  second's  pen- 
dulum registered  the  seconds.  The  ordinates  of  the  curve  represent 
the  force ;  the  abscissae,  the  time.  The  area,  or  product  of  the  mean 
ordinate  by  the  number  of  seconds,  expresses  the  static  contraction 
in  terms  of  kilogram-seconds. 

The  static  work  varies  as  the  mean  pressure,  as  the  following  figures 
show. 


Right  Hand. 

Mean  ordinate,  in  kilos. 

Number  of  seconds. 

Static  contraction  in 
kilog^m-seconds. 

24.0 

34 

816.0 

16.1 

49 

738.9 

113 

83 

937.9 

4.6 

170 

782.0 

3.8 

286 

1086.0 

The  abscissae  increase  as  the  ordinates  decrease.  The  maximum 
static  contraction  expressed  in  kilogram-seconds  is  when  the  mean 
ordinate  in  the  series  is  smallest.  Yet  the  static  contraction  is  greater 
with  the  average  ordinate  at  11.3  than  at  4.6  kilograms.  So  the 
static  contraction  is  not  always  greatest  with  the  smallest  ordinate. 
It  is  a  function  of  both  time  and  force. 

The  chief  source  of  error  in  obtaining  the  maximum  constant  in- 
nervation is  lack  of  attention.  The  slightest  distraction  shows  a 
corresponding  decrease  in  the  height  of  the  ordinate.  With  some 
subjects,  the  maximum  innervation  is  not  given  until  after  several 
trials,  although  the  subject  may  think  so  in  the  first  trial.  In  all 
cases  the  second  curve  is  a  little  higher  than  the  first.  The  tonus 
of  the  muscle  is  increased  slightly  by  exercise. 

I  observed  that,  whenever  the  maximum  innervation  was  given  to 
the  hand,  several  groups  of  muscles  were  innervated  at  the  same 
time ;  as,  for  example,  the  muscles  of  the  resting  hand,  of  the  face, 
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TABLE   I. 


Ri(;nT  Hand. 


Innervation 

of  one  hand 

alone. 


Maximum  ordinate  .    . 


Mean 


r     27.0  kilos. 
29.0 
26.0 
27.0 
24.0 


26.6 


Innervation 

of  l)oth 

hands. 


Lefi^  Hand. 


Innervation 

of  one  hand 

alone. 


25.5  kilos. 

29.0 

28.0 

27.0 

26.5 


27.2 


25.5  kilos. 

24.0 

25.0 

280 

23.0 

25.1 


Innervation 

of  both 

hands. 


26.0  kilos. 

25.5 

25.0 

25.0 

25.0 


25.0  mm. 


Ordinate  at  10  seconds    ' 


Mean 


25.7 
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and  of  the  jaws.  The  subject  is  quite  unconscious  of  this,  since  his 
sole  purpose  is  to  produce  the  maximum  force.  This  led  me  to  ex- 
periment to  find  out  if  the  effect  would  be  greater  when  I  gave  a 
maximum  innervation  to  both  hands  simultaneously  than  to  one 
alone. 

Using  the  kilogram  scale,  I  measured  the  ordinates  of  each  curve. 
I  have  given,  in  Table  I,  four  ordinates  for  each  curve,  the  maximum 
ordinate,  the  ordinate  at  ten  seconds,  the  minimum,  and  the  mean 
ordinate.  The  corresponding  ordinates  in  both  cases  are  arranged 
in  parallel  columns.  In  tracing  each  curve,  the  handle  of  the  dyna- 
mometer was  dropped  the  moment  fatigue  of  the  muscles  was 
perceived. 

One  sees  that  the  corresponding  ordinates  are  usually  somewhat 
larger  in  the  cases  in  which  both  hands  were  innervated  at  the  same 
time;  the  difference  would  have  been  greater  in  all  probability  if  in 
innervating  one  hand  alone  I  had  succeeded  in  inhibiting  all  impulses 
to  the  other  hand. 

I  repeated  the  same  experiments,  varied  only  by  holding  a  thirty- 
pound  weight  in  one  hand  while  pulling  the  dynamometer  with  the 
other.  The  results  were  practically  the  same  as  in  the  preceding 
experiments.  I  give  in  Table  II  the  mean  of  each  set  of  ordinates 
out  of  five  experiments  with  each  hand.  The  innervations  of  the 
pulling  hand  are  more  constant  when  the  other  hand  is  holding  a 
weight.     This  is  the  only  difference  in  the  two  series  of  experiments. 


TABLE   II. 


Right  Hand. 

Lekf  Hand. 

Innervation 
of  left 
hand. 

Holding  30 
lb.  weight. 

Innervation 
of  left 
hand. 

Holding  3D 
lb.  weight 

Mean  maximum  ordinate 
Ordinate  at  10  sees.     . 
Minimum  ordinate 
Mean  ordinate    .    .    . 

26.5  kilos 
26.8  mm. 
21.2 
23.7 

27  kilos 
27  mm. 
23.5 
25.6 

25  kilos 
23.4  mm. 
21.4 
22.8 

25.6  kilos 
24.3  mm. 
23.3 
23.8 

It  seems  probable  that  the  effect  of  the  innervation  to  the  hand 
varies  inversely  as  the  number  of  inhibitions  given  to  the  other  mus- 
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cles  at  the  same  time.  A  child  innervates  several  groups  of  muscles 
in  his  first  attempts  to  use  one  set  of  muscles.  All  control  seems  to 
depend  on  inhibition  impulses. 

II.  Determination  of  the  Constant  of  Attention  for 

Various  Mental  Activities. 

The  maximum  static  innervation  of  the  hand  is  arbitrarily  selected 
here  as  a  measure  of  other  voluntary  activities  simultaneously  at- 
tempted. I  do  not  mean  that  a  muscular  equivalent  of  mental 
activity  can  be  determined  in  the  sense  in  which  we  determine  the 
mechanical  equivalent  of  heat.  Loeb  found  that  the  maximum  force 
of  the  hand  decreased  in  proportion  to  mental  work.  The  decrease 
of  muscular  force  during  mental  activity  may  be  due  to  an  act  of 
inhibition  of  innervations,  or  may  be  a  result  of  a  division  of  the 
constant  innervation  energy  between  two  simultaneous  activities,  but 
in  either  case  the  relation  of  the  decrease  to  the  intensity  of  mental 
activity  is  primarily  a  function  of  attention.  There  can,  however,  be 
no  adequate  explanation  of  attention  while  so  little  is  known  of  the 
physiology  of  the  elements  in  the  nerve  centres.  Therefore  I  shall  not 
attempt  to  explain  these  facts,  but  I  hope  to  contribute  something  to 
the  physiology  of  attention. 

In  order  to  obtain  the  maximum  static  contraction  curve,  the  con- 
stant undivided  attention  is  necessary,  and,  if  the  element  of  fatigue 
does  not  enter  in,  the  innervation  will  depend  upon  the  concentration 
of  attention.  Therefore,  according  to  Loeb,  the  ratio  of  the  decrease 
in  the  maximum  constant  muscular  innervation  accompanied  by  a 
mental  activity,  to  the  original  maximum  constant  innervation  alone^ 
gives  the  constant  of  attention  for  any  given  time.  The  determina- 
tion of  the  constant  of  attention  for  various  kinds  of  mental  work^ 
affords  a  method  of  comparing  the  degree  of  concentration  of  atten- 
tion required  in  different  kinds  of  activity. 

If  P  equals  the  force  of  the  hand  at  any  given  second,  in  the 
maximum  static  curve,  /,  the  force  of  the  hand  at  the  same  time 
when  accompanied  by  mental  activity,  then  the  constant  of  attention, 

A.  Constant  of  Attention  in  Registration  of  Rhythmical  Motions.  — 
I.  In  each  experiment  three  curves  are  traced.  Thus,  curves  (i)  and 
(3)  in  Fig.  3  are  maximum  static  curves,  the  former  recorded  at  the  be- 
ginning, the  latter  at  the  end  of  the  experiment.     Curve  (2)    records 
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p,  the  ordinatus  af  curve  (2),  corresponding  to  the  same  second  as 
those  taken  in  { 1 )  and  (3),  are  employed. 

If  the  attention  were  constant  in  each  experiment,  the  ordinate 
would  be  ihc  s;mie  for  each  second  and  the  curves  would  be  a  straight 
line.  Since  tliere  are  fluctuations  of  attention  in  each  experiment 
I  liavc  measured  the  constant  for  the  beginning,  the  end,  at  ten 
seconds,  and  for  the  mean  of  the  ordinates  at  tlie  several  times.  The 
maximum  ordinate  in  curve  (2)  is  often  higher  because  the  attention 
is  turned  from  the  mental  work  when  beginning  to  pull  the  dyna- 
mometer; at  the  end,  the  minimum  ordinate  may  be  lower  than 
necessary  in  order  to  do  the  registering  accurately.  The  ten-second 
constant  is  freer  from  this  error,  and,  in  most  cases,  is  nearer  the 
mean  constant. 

It  should  be  remarked  that  where  there  is  inaccuracy  in  the  regis- 
tration of  the  vibrations  of  the  pendulum,  there  is  a  corresponding 
increase  in  the  muscular  effect.  Sometimes,  when  the  subject  begins 
the  muscular  work  after  beginning  the  registration,  the  lever  of  the 
dynamometer  will  reach  nearly  its  maximum  for  a  stcond  or  two, 
then  drop  suddenly  as  the  mental  work  is  begun  accurately.  In 
beginners  in  these  experiments,  there  is  either  a  rapid  oscillation 
from  one  kind  of  work  to  another  or  the  innervations  given  to  the 
registering  hand  are  transmitted  to  the  pulling  hand,  as  the  impulses 
are  periodically  summed.     Probably  both  these  influences  are  felt. 

In  Table  III  (a)  I  have  given  the  result  of  ten  experiments  per- 
formed upon  myself  after  I  had  had  some  practice  in  experimenting. 
Table  III  (/))  gives  the  results  obtained  from  different  subjects. 


FIGURK  4. 

All  the  curves  obtained  by  the  left  hand  during  registration  are  much 
more  regular  than  those  obtained  by  the  right  hand  ;  compare  Fig,  4, 
These   irregularities   are   due,  probably,  to  a  summation   of  stimuli 


The  Measurement  of  Mental  Activity* 


291 


TABLE   III. 

('0 


Right  Hand. 

Leki'  Hand. 

P. 

P- 

P. 

/. 

.=^'. 

Ordinates  at 

* 

ten  seconds. 

30.5 
32.0 
25.5 
30.0 
25.5 
25.7 
28.5 
24.0 
26.7 
,282 

25.0 
18.0 
20.0 
32.0 
210 
180 
18.0 
19.0 
22.0 
25.0 

25.0 
22.5 
22.0 
25.0 
22.7 
22.5 
23.0 
22.0 
20.7 
24.7 

22.9 

21.0 
16.0 
19.0 
190 
18.0 
18.0 
18  0 
15.0 
17.5 
19.5 

Mean    .     .        27.6 

20.8 

0.25 

18.1 

0.20 

{b)  Constants  obtained  from  different  sutyects. 
Right  Ha.nd. 


Subject  No. 

Max.  A. 

10  sec.  A. 

Min.  A. 

Mean  A. 

2 

.09 

.12 

3^ 

.32 

3 

.12 

.25 

.48 

.29 

4 

.16 

.17 

.55 

.37 

5 

.13 

.35 

.53 

.34 

9 

.32 

.38 

.57 

.44 

on  pressing  the  rubber  tube  with  the  left  hand.  The  stimuli  in  the 
rhythmical  recording  do  not  pass  to  the  left  hand  so  readily  when 
the  right  hand  is  recording,  but  when  the  left  hand  is  recording, 
the  rhythmical  impulses  pass  to  the  right  hand  as  readily  as  to  the  left. 
Physiologically,  it  is  not  known  why  the  stimuli  seem  to  pass  with 
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TABLE   IV. 
(a)  RegistrtUion  ofvibraHon  by  pressing  two  tubes.     Visual  observation. 


Right  Hand. 


P, 


Ordinates  at 
ten  seconds; 


27.2 
26.0 
26.5 
23.5 
24.5 
21.5 
22.5 
23.5 
26.5 
24.2 


P- 


13.0 
12.0 

80 
15.0 
14.0 
10.0 
10.0 

9.0 
14.5 
13.0 


.-^ 


Mean.     .    .    243 


11.8 


Left  Hand. 


P. 


0.48 


23.0 
24.7 
24.5 
25.5 
27.0 
23.5 
23.5 
24.0 
26.2 
2a5 


13.0 
15.0 
18.0 
14.0 
15.0 
14.5 
11.5 
17.0 
15.0 
13.0 


24.2 


A^ 


^P-P 


14.6 


39 


(b)  Constants  obtained  from  different  subjects* 
Right  Hand. 


Subject. 
No. 

Max.  w4. 

10  sec.  A, 

Min.  A. 

Mean  A, 

2 

X  .20 

.60 

.69 

Al 

3 

X  .17 

.32 

.56 

34 

4 

X  .22 

33 

.61 

.42 

5 

X  .29 

.40 

.80 

.42 

9 

X  .61 

.70 

.75 

.70 

rhythmical  pressing  with  the  other  hand.  The  latter  irregularity  was 
more  marked  in  these  experiments  than  in  the  first  ones.  It  ap- 
peared with  the  right  hand  pulling  the  dynamometer  as  in  the  other 
series.     Probably  sufficient  practice  would  eliminate  these. 

3.     I   determined   whether   the   constants   in   registering   by   two 
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tubes  would  be  lcs«  if  the  observations  of  the  vibrations  were  made 
by  listening;  to  the  ticking  of  the  pendulum  rather  than  by  visual 
observation. 

TAULE  V. 

A'eg'iifratiait  hy  fresuHi;  ftw  IiiIks,  auditory  ehsen-aiioH. 


Ric: 

n  Han 

•■ 

I.^pr  Hand. 

Ordinate. 

P. 

P- 

^-'^- 

P. 

/■ 

^-^ 

Mean  Max.  . 

27..1 

20.4 

02C 

25-4 

17.1 

0J.1 

10  sec.      .    . 

24.2 

17.0 

az-j 

n.^ 

14.4 

038 

Min.    .    ,    . 

2a2 

14.4 

02S 

20..'; 

11.4 

a44 

Mean  J 

^a28. 

Mean 

^=0.38. 

The  constants 
are  less  in  audi- 
tory ob.servation 
than  in  visual, 
id  only  is  used,  but 
'hen  the  left  hand 
/namometer.  The 
.28  with   the   right 

the  left  hand.  All 
»f  each  hand  show 
lifference.  Most  of 
ained  with  the  left 

less  variation  than 
It  hand,  and  have 
1!  of  the  former  ex- 
being  able  to  have 
fficiently  long  time 
)criments  with  both 
\y  whether  this  dif- 
1  hands  is  common 

or  simply  peculiar 

alone. 


FicuRE  6.     Friction  Machm< 
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4.  I  combined  muscular  effort  with  the  registration  by  substitut- 
ing a  friction  machine  for  the  tambour.  The  friction  machine 
(Fig.  6)  consists  of  a  wheel  and  axle  to  which  is  attached  a  jointed 
vertical  rod  carrying  a  long  lever.  At  each  revolution  of  the  wheel 
the  rod  moves  up  and  down  and  the  lever  traces  an  harmonic  curve. 
The  subject  turned  the  wheel  one  half  of  a  revolution  at  each  obser- 
vation. Under  the  wheel  is  a  brake  block,  which  can  be  lowered  or 
raised  by  a  thumb  screw.  The  brake  block  is  supported  on  a  coarse, 
stiff,  steel  spring,  and  the  closer  the  brake  block  is  pressed  against 
the  wheel,  the  greater  the  number  of  units  of  friction  produced  be- 
tween the  two  through  the  elasticity  of  the  spring. 

I  have  given  the  constants  obtained  by  taking  the  mean  of  five 
experiments  with  each  hand  when  the  friction  was,  O,  i,  5,  and  8,  as 
indicated  by  the  scale  beside  the  brake  block 

TABLE   VI. 

Registration  of  vibration  by  friction  machine. 

Visual  Observation. 


Right  Hand. 

Left  Hand. 

I 

Mean  constant  of 
Max.  A. 

10  sec.  A. 

Mean  constant  of 
Max.  A. 

10  sec.  A. 

FO 
Fl 
F5 

F8 

.30 
.32 
.16 
.13 

.46 
.42 
.42 
.27 

.13 
.28 
.27 
.21 

.37 
.62 

.35 
.32 

Min.  A, 

Mean  A. 

Min.  A. 

Mean  A. 

FO 
Fl 
F5 
F8 

.61 
.50 
.46 

.46 
.40 
.35 
.26 

.50 
.47 
.40 
.43 

.45 
37 
.34 
.31 

The  constants  are  greater  than  in  the  previous  experiments  when 
there  is  no  friction,  but  as  F  increases,  the  constants  decrease.     This 
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decrease  in  the  constants  depends  upon  the  increase  in  the  innerva- 
tion of  the  recording  hand  in  order  to  overcome  the  resistance  of  the 
wheel.  This  is  the  same  phenomenon  mentioned  before:  namely, 
that  the  effect  in  the  hand  pulling  the  dynamometer  is  greater  if  the 
same  muscles  in  the  other  hand  are  innervated  at  the  same  time. 

Therefore,  va  A  =  ~7r »/  increases  with  F ;  hence  A  decreases  when 

F  increases. 

One  observes  the  same  difference  in  the  constants  of  the  two  hands 
even  in  a  more  marked  degree  in  this  set  of  experiments.  The  im- 
pulses passing  to  the  left  hand  in  overcoming  friction  in  turning  the 
wheel  affect  the  right  hand  more  while  that  hand  is  pulling  the 
dynamograph  than  when  the  left  hand  is  pulling.  Therefore  the  con- 
stants for  the  right  hand  are  much  less  than  those  for  the  left. 

B.  Constant  of  Attention  in  the  Observation  of  Coincidence  of  Two 
Vibratini;  Pen^Lulnxna.  t— The  second. pendulum  and  the  pendulum  of  a 
metronome  were  set  vibrating  in  drfferent  periods  of  time.  A  lever 
recorded  the  vibration  of  the  metronome.  The  metronome  pendulum 
was  lengthened  and  marked  with  red,  and  so  placed  in  relation  to  the 
second  pendulum  that  the  tracings  of  both  would  show  coincidence 
at  the  same  time  that  the  coincidence  could  be  seen  by  the  observer. 
When  the  subject  observed  the  coincidence  he  pressed  a  rubber  tube 
of  Marey's  tambour.  All  the  levers  being  arranged  in  the  same 
vertical  line  at  the  beginning,  the  tracings  show  whether  the  observa- 
tions were  accurate. 

I  give  the  results  of  three  sets  of  experiments  made  in  different 
ways :  (jx)  tfte  observation  was  made  by  the  eye  directly ;  (Ji)  the 
subject  looked  through  a  small  dark  tube  which  shut  off  most  of  the 
visual  field  except  at  the  place  of  coincidence ;  (c)  every  fifth  vibra- 
tion of  the  metronome,  and  every  second  vibration  of  the  second 
pendulum  were  registered.  Five  experiments  were  made  with  both 
hands  in  each  case. 

I  found  it  very  difficult  to  register  accurately  and  to  pull  the 
dynamometer  even  after  some  practice;  none  of  the  first  (^)  series 
was  accurate.  Most  of  the  next  series  {b)  were  nearly  accurate.  It 
was  easier  to  see  the  coincidence  through  the  tube,  although  it  re- 
quired greater  effort  in  accommodating  the  eye  to  the  tube.  Probably 
this  may  be  the  reason  that  the  constants  are  somewhat  higher 
in  (^). 
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In  the  last  series  (c)  the  mental  effort  of  memory,  as  well  as  that 
of  observation,  was  involved  for  the  first  time.  It  required  the  great- 
est effort  of  attention  to  remember  the  counts  of  both  pendulums  and 
do  any  muscular  work  at  all.  In  nearly  all  the  experiments  the 
vibration  of  one  of  the  pendulums  would  be  registered  accurately, 
and  that  of  the  other  registered  irregularly.  There  was  more  regular- 
ity in  the  form  of  the  curves  and  less  difference  in  the  results  of  the 
two  hands  in  all  of  these  experiments  than  in  the  former  ones. 


TABLE   VII. 
Constants  of  attention  in  registration  of  coincidence  of  two  vibrating  pendulums. 


w 

Right  Hand. 

Leki-  Hand. 

Mean  Or. 

P. 

A 

P. 

P- 

"^        P-' 

Max.  .    .    . 

10  sec.    .    . 
Min.   .    .    . 

26.1 
24.1 
21.4 

203 
168 
10.4 

.21 
30 
.51 

23.6 
223 
19.9 

17.8 
14.0 
103 

.24 
37 
.51 

Mean  -«4  =  34 

Mean  A  — 35 

{b)  Observation  through  a  tube. 

Max.  .     .    . 
10  sec.    .     . 
Min.  .     .     . 

263 
23.5 
22.9 

17.6 

15  3 

9.8 

34 

.57 

22.4 
20.9 
19.0 

14.6 

12.2 

9.8 

34 
.41 
.48 

Mean  A  =  .41 

Mean  A  —  .42 

(r)  Registration  of  5/^  vibration  of  metronome  and  zd  vibration  of  pendulum. 

Max.       .     . 

10  sec.    .     . 
Min.   .     .     . 
Mean.     .     . 

25.7 
24.9 
19.2 
220 

13.2 
9.6 
6.6 
8.9 

.48 
.61 
.65 
.59 

22.7 
21.7 
17.9 
20.0 

11.8 
9.4 
6.2 
83 

.48 
.56 
.65 

.58 
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C.  Determination  of  the  Constant  of  Attention  in  Reckoning.  — 
When  reckoning,  I  found  myself  whispering  each  step  in  the  process, 
and  the  harder  I  pulled  the  dynamometer,  the  greater  was  the  ten- 
dency to  whisper,  and  the  greater  the  effort  to  remember.  The  whis- 
pering and  the  writing  of  the  results  produced  great  irregularities  in 
the  curves.  I  finally  obtained  constants  from  two  series  of  five 
experiments  each,  for  both  hands.  In  the  first  (rt)  I  performed 
multiplication  of  the  numbers  from  12  to  20,  as  14  X  13,  14  X  15, 
etc.,  in  every  combination,  until  I  vas  conscious  of  the  beginning  of 
fatigue.  The  second  series  {b)  was  done  in  the  same  way,  with 
numbers  from  20  to  30.  In  both  series,  the  eyes  were  closed,  there 
was  no  whispering,  and  the  results  were  recorded  from  memory  after 
each  experiment.  Then  I  tried  to  eliminate  all  the  effects  from  other 
muscular  impulses,  such  as  whispering,  writing,  and  visual  perception. 

The  constants  in  {c)  were  obtained  in  the  same  way  as  those  of 
(^r)  and  {b),  by  multiplying  numbers  from  60  to  70;  also  those  in 
(^d)  by  simply  adding  by  12's,  9's,  8's,  etc. 

I  found  it  required  less  effort  in  reckoning  if  the  figures  were  before 
the  eye,  and  the  constants  in  (c)  were  obtained  in  that  way.  I  could 
not  repeat  the  reckoning  in  {a)  or  (b),  since  the  practice  with  those 
numbers  had  made  it  less  difficult,  so  I  took  the  numbers  from 
30  to  40. 

The  constants  in  (^)  are,  on  the  whole,  greater  than  those  in  (^), 
especially  the  mean  constant.  In  the  ot  er  series  they  are  smaller, 
although  the  numbers  are  larger. 

The  constants  obtained  in  adding  (^)  arc  considerably  smaller, 
as  wc  should  expect,  as  the  mental  effort  is  less. 

Although  it  seemed  much  easier  to  reckon  with  the  eye  upon  the 
figures  and  to  repeat  each  process  to  myself;  the  constants  obtained 
with  the  right  hand  are  about  the  same  as  those  in  (rt:),  and  less  with 
the  left.  The  numbers  were  larger  (30-40)  but  the  mental  effort 
was  about  the  same.  The  reason  the  constants  with  the  left  hand  are 
smaller  in  this  particular  case  I  cannot  explain.  In  reckoning  all  of 
the  other  scries  the  mean  constants  obtained  with  the  left  hand  were 
a  little  higher  than  those  obtained  with  the  right  hand.  The  innerva- 
tion of  the  vocal  cords  and  muscles  used  in  speech  must  have  inter- 
fered with  the  innervations  of  the  left  hand. 

The  effort  in  memory  is  less  with  the  figures  before  the  eyes,  yet 
the  attention  in  observation  is  another  factor  which  has  a  much 
greater  effect  on  attention  than  one  realizes. 
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VARIATIONS  IN  THE  AMYLOLYTIC  POWER  OF  SALIVA  AND 
THEIR  RELATION  TO  THE  CHEMICAL  COMPOSITION  OF 
THE  SECRETION, 

By  R.  H.  CHITTENDEN. 

In  some  experiments  conducted  in  1882 '  an  attempt  was  made 
to  ascertain  whether  there  is  any  definite  relationship  between  the 
amylolytic  power  of  human  saliva  and  its  degree  of  alkalinity.  In 
the  experiments  then  recorded,  alkalinity  was  determined  by  titration 

> 

with  a  standard  acid,  using  cochineal  as  an  indicator,  while  amylolytic 
power  was  estimated  by  determining  the  quantity  of  sugar  formed  from 
a  definite  amount  of  starch  under  given  conditions.  The  results  led 
to  the  conclusion  that  such  variations  in  amylolytic  power  as  saliva 
ordinarily  shows,  are  not  associated  with  corresponding  variations  in 
the  degree  of  alkalinity. 

In  a  recent  paper  by  Hofbauer,*  the  above  results  are  referred 
to  with  the  statement  that  they  constitute  the  only  data  recorded 
bearing  on  the  amylolytic  power  of  human  saliva  at  different  periods 
of  the  day.  This  statement,  however,  is  quite  misleading,  for  in 
our  paper  it  is  distinctly  stated  that  "  the  saliva  was  collected  gen- 
erally an  hour  or  two  after  breakfast,"  no  attempt  having  been  made 
to  ascertain  variations  in  amylolytic  power  for  different  periods  of 
the  day ;  indeed,  in  practically  all  of  our  experiments  at  that  time, 
the  saliva  was  collected  at  a  convenient  period  after  breakfast.  The 
average  alkalinity  expressed  in  terms  of  sodium  carbonate  of  fifty- 
one  samples  of  saliva  was  found  by  the  above  method  to  be  0.08 
per  cent,  the  extremes  being  0.052-0.163.  We  would  now  call  atten- 
tion to  the  fact  that  human  saliva,  while  ordinarily  alkaline  to  litmus 

*  Chittenden  and  Ely  :  On  the  alkalinity  and  diastatic  power  of  human 
saliva.    American  chemical  journal,  1883,  iv,  p.  329. 

*  HoFBAUER,  L. :  Tagliche  Schwankungen  der  Eigenschaften  des  Speichels. 
Archiv  f.  die  ges.  Physiol.,  1897,  Ixv,  p.  503. 
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or  lacmoid,  i.s  almost  invariably  acid  to  phcnolphthalein,  hence  such 
alkalinity  a.s  it  possesses,  is  due  not  to  sodium  carbonate  but  mainly  to 
alkaline  phosphates,  acid  phosphates  being  likewise  present.  Experi- 
ments made  in  our  laboratory  by  Mr.  A.  N.  Richards  show  that  human 
mixed  saliva,  using  lacmoid  as  an  indicator,  requires  on  an  average 
0.7  milligram  H..SO4  to  neutralize  the  alkalinity  of  i  gram  of  the 
secretion.  Expressed  in  terms  of  sodium  carbonate,  this  would,  be 
equal  to  an  alkalinity  of  0.14  per  cent.  With  phcnolphthalein  as  an 
indicator,  on  the  other  hand,  I  gram  of  saliva  requires  on  an  average 
0.06  milligram  NaOH  to  neutralize  the  acid  salts  present.  It  has 
also  been  found  that  the  alkalinity  as  indicated  by  lacmoid  and  the 
acidity  as  indicated  by  phcnolphthalein  are  both  noticeably  greater 
in  the  saliva  collected  before  breakfast  than  in  the  secretion  collected 
after  breakfast.  Further,  in  conformity  with  Hofbauer's  results,  we 
find,  as  a  rule,  that  the  amylolytic  power  of  saliva  coming  from  glands 
which  have  been  in  a  state  of  rest  for  some  time,  /.  ^.,  collected  be- 
fore breakfast,  is  greater  than  that  secreted  an  hour  after  breakfast. 
We  are  not  inclined,  however,  to  consider  that  the  increased  amylo- 
lytic power  of  saliva  secreted  before  breakfast,  for  example,  is  to  be 
attributed  directly  to  the  increased  alkalinity,  for  occasional  results 
show  that  amylolysis  may  be  more  pronounced  with  saliva  having  a 
comparatively  low  degree  of  alkalinity.  The  true  explanation  is  to  be 
found  in  the  greater  concentration  of  the  secretion  coming  from  the 
glands  which  have  been  in  a  state  of  inactivity;  /.  c  such  secretion 
contains  a  larger  amount  of  .solid  matter  with  a  corresponding  increase 
in  the  proportion  of  amylolytic  enzyme,  etc.  The  results  of  a  single 
experiment  may  be  cited :  — 


Date. 
Nov.  24. 

Time.^ 

7.10-7.30  A.M. 
9.00-9.30    " 

Alkalinity.* 

Amylolytic 
power.* 

Solids. 

Organic 
matter. 

Salts. 

0.163% 
0.112 

651.0 
615.6 

0.86% 
0.51 

0..'>8% 
030 

0.28% 

a2i 

Numerous  results  similar  to  the  above  testify  to  the  truth  of  the 
foregoing  statement.     Somewhat  noticeable  also  is  the  influence  of 

^  Before  and  after  breakfast. 

«  Determined  by  ^^  normal  H2SO4  with  lacmoid  as  an  indicator  and  expressed 
as  sodium  carbonate. 

*  Expressed  as  milligrams  of  maltose  formed  from  i  gram  of  starch. 
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different  stimuli  upon  the  amylolytic  power  and  chemical  composi- 
tion of  human  saliva.  Experiments  have  been  made  with  ether  and 
chloroform  vapor,  alcohol,  whiskey,  and  gin,  the  secretion  obtained 
under  their  influence  being  compared  with  that  resulting  from 
mechanical  stimulation,  etc.  The  results  thus  far  obtained  tend  to 
show  that  the  above  agents  cause  the  secretion  of  a  fluid  richer  in 
amylolytic  enzyme  and  having  a  higher  content  of  solid  matter. 
The  details  of  the  experiments  will  be  published  in  the  next  number 
of  this  Journal. 


ON   METABOLISM   IN    FATTY   DEGENERATION. 

By  graham   LUSK. 

Many  years  ago  Voit  declared  his  belief  in  a  preliminary  cleavage 
of  the  proteid  molecule  within  the  organism  into  a  nitrogenous  por- 
tion and  a  non-nitrogenous  portion,  which  were  subsequently  burned 
within  the  cells,  often  at  different  times.  To  the  non-nitrogenous  por- 
tion belonged  the  sugar  of  the  starving  diabetic,  and  it  likewise  fur- 
nished fat  in  fatty  degeneration.  Through  the  subcutaneous  injection 
of  phlorhizin  in  dogs  a  ratio  of  sugar  to  nitrogen  as  3.75  is  to  i  has 
been  established  in  the  laboratory  of  the  writer.  This  signifies  that 
the  proteid  molecule  may  yield  60  per  cent  of  dextrose.  Accompany- 
ing this  intense  form  of  diabetes  may  be  seen  in  the  starving  dog  a 
rise  of  450  per  cent  in  the  proteid  decomposition,  an  effect  probably 
due  to  the  non-combustion  of  the  sugar  produced.  The  only  case 
parallel  to  this  in  the  extent  of  its  proteid  decomposition  lies  in 
phosphorus  poisoning,  where  a  similar  increase  is  present.  The 
question  arises,  is  not  this  high  proteid  metabolism  in  phosphorus 
poisoning  likewise  due  to  the  non-burning  of  the  sugars,  consequent 
upon  their  quantitative  conversion  into  fat?  In  other  words,  may 
not  the  60  grams  of  dextrose  obtainable  from  every  100  grams  of 
proteid  be  converted  into  fat  in  cases  of  acute  fatty  degeneration? 

In  a  first  experiment  upon  a  diabetic  dog  the  ratio  in  the  urine  was 
found  to  be  Dextrose:  Nitrogen  =  3.75  :  i.  During  the  administra- 
tion of  the  phlorhizin,  phosphorus  oil  was  also  given,  with  the  idea 
of  reducing  possibly  the  sugar  in  the  urine  by  means  of  its  conversion 
into  fat.  No  decrease  in  the  sugar  followed,  although  the  dog  died 
with  every  symptom   of  phosphorus  poisoning.     This  experiment. 
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however,  does  not  disprove  the  idea  that  in  fatty  degeneration  the 
sugar  from  proteid  is  converted  into  fat,  for  the  phlorhizin  may  have 
protected  the  sugar  immediately  upon  its  formation  from  any  further 
change.  A  second  experiment  made  the  subject  clearer.  A  starving 
dog  was  poisoned  with  phosphorus;  all  the  symptoms,  including  a 
high  rise  in  proteid  metabolism,  were  manifest.  Under  these  circum- 
stances, if  proteid  sugar  is  being  converted  into  fat  there  should  be 
no  sugar  present  in  the  body.  Now,  the  action  of  phlorhizin  is  first 
to  sweep  the  body  clear  of  sugar,  as  is  indicated  by  the  high  ratio  of 
sugar  to  nitrogen  observed  always  on  the  first  day  of  phlorhizin  ad- 
ministration, even  after  long  fasting.  If  now  in  the  dog  poisoned  with 
phosphorus  no  sugar  was  present  and  we  administered  phlorhizin,  no 
excess  of  sugar  should  be  eliminated ;  only  that  belonging  to  the 
proteid  decomposition  for  the  time  being  should  be  eliminated. 
The  result  obtained  conformed  with  this  theoretical  expectation. 
The  ratio  in  the  urine  was  Dextrose:  Nitrogen  =  3.65  :  i.  This  indi- 
cates that  in  phosphorus  poisoning  there  is  no  sugar  present  in  the 
dog.  Either  one  of  two  conditions  may  here  be  possible:  either 
the  sugar  is  burned  as  soon  as  formed,  or  it  is  converted  into  another 
substance.  That  it  is  immediately  burned  is  improbable  on  account 
of  the  high  proteid  metabolism ;  —  its  burning  would  reduce  proteid 
metabolism.  The  sugar  must,  therefore,  have  been  converted  into 
another  substance  or  into  fat.  It  seems  reasonable  to  conclude  that 
in  acute  fatty  metamorphosis  of  the  cell  the  dextrose  formed  from 
proteid  in  the  cytoplasm  may  be  quantitatively  converted  into  fat. 


THE  ACTION   OF  THE   LARYNX   IN    THE   PRODUCTION 

OF  VOICE. 

By  W.  HALLOCK  (with  F.  S.  MUCKEY). 

The  organ  of  voice-production  is  essentially  a  string,  not  a  reed 
instrument.  The  two  fundamental  reasons  for  this  conclusion  are: 
first,  the  agencies  for  the  control  of  pitch  are  the  agencies  that  control 
the  pitch  of  a  string,  namely,  tension,  length,  and  weight;  secondly, 
the  quality  of  the  tone  produced  is  the  quality  of  the  tone  of  a 
string. 

Voice-production  and  voice-modification  (articulation)  are  managed 
by  distinct,  independent  sets  of  muscles,  the  former  by  the  intrinsic 
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laryngeal  muscles,  the  latter  by  the  extrinsic  muscles ;  and  neither  set 
should  be  permitted  to  usurp  or  interfere  with  the  functions  of  the 
other. 

In  the  correct  production  of  voice  there  should  be  no  registers. 
The  three  agencies  for  the  control  of  pitch  are  mediated  by  the 
intrinsic  laryngeal  muscles  only.  They  should  act  simultaneously, 
independently,  evenly,  and  gradually,  and  produce  a  smooth  and 
continuous  rise  in  pitch  from  the  lowest  tone  to  the  highest,  the  action 
and  operation  of  the  larynx  being  the  same  throughout.  If  the 
extrinsic  muscles  are  allowed  to  come  into  action  and  pull  upon  the 
larynx,  the  latter  is  distorted  and  the  delicate  action  of  the  arytenoid 
cartilages  is  absolutely  blocked.  It  then  becomes  necessary  to  rely 
entirely  on  change  of  tension  to  control  pitch,  and  of  the  three  factors 
this  is  the  most  difficult  of  control,  because  the  pitch  is  directly  pro- 
portional to  only  the  square  root  of  the  tension  of  the  cords,  whereas 
it  is  inversely  proportional  to  the  length  and  weight.  Under  these 
conditions  registers  arise,  owing  to  the  imperfect  cooperation  of  and 
coordination  between  the  intrinsic  and  extrinsic  muscles,  and  the 
cords  are  seriously  strained  by  the  high  tension  to  which  they  must 
be  submitted  in  the  effort  to  produce  the  high  tones.  This  abnormal 
strain  results  in  impairment  of  the  muscle-structure,  and  then  in  faulty 
approximation  of  the  vocal  bands,  with  all  the  evil  consequences 
thereof  The  most  pernicious  of  all  habits  in  voice-production  is  this 
of  permitting  the  large  and  powerful  extrinsic  muscles  to  usurp  the 
duties  of  the  delicate  intrinsic  muscles  and  prevent  their  action,  while 
unable  themselves  to  accomplish  the  same  results. 

The  classic  investigations  of  Helmholtz,  Konig,  and  many  others,  have 
proved  that  in  the  human  voice  the  sound  consists  of  a  fundamental  or 
pitch  tone,  accompanied  by  one  or  more  of  a  series  of  overtones,  the 
quality  of  the  voice  being  dependent  upon  the  latter.  By  photograph- 
ing the  movements  of  sensitive  flames  we  have  been  able  to  analyze 
tones  and  thus  to  verify  completely  the  general  correctness  of  the  visual 
and  oral  observations  of  Helmholtz  and  Konig.  Our  photographs 
give  an  impersonal  impartial  record  of  the  "  string  overtones  "  in  the 
voice,  and  their  modification  of  quality,  not  only  in  different  voices, 
but  in  different  vowel  sounds  in  the  same  voice. 

In  order  to  reinforce  a  tone,  a  cavity  must  have  a  fixed  size,  shape, 
and  opening.  The  vibrations  must  be  able  to  pass  in  as  well  as  out 
at  the  opening.  Reinforcement  by  chest-resonance  is  impossible, 
for  two  reasons  especially:  the  chest  is  a  cavity  of  varying  size  even 
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during  a  single  breath,  and  it  is  essentially  a  closed  cavity.  The  air 
in  the  chest  may,  and  does  vibrate,  —  so  it  does  in  the  wind-box  of  an 
organ,  —  but  these  vibrations  cannot  reinforce  the  tone  produced 
externally.  The  antra  and  sinuses  are  also  useless  for  resonant 
reinforcement. 


DEMONSTRATION:    ETHER-AN.-ESTHESIA   BY  THE   RECTUM. 

By  S.  J.  MELTZER. 

A  SMALL  bottle  half  filled  with  ether,  and  closed  with  a  cork  perfo- 
rated by  a  glass  tube,  was  placed  in  a  water-bath  at  a  temperature 
above  the  boiling  point  of  ether.  The  ether  vapor  generated  was  led 
into  the  rectum  by  means  of  a  metal  tube  provided  with  a  number  of 
side  openings,  besides  an  aperture  at  the  end,  and  connected  with  the 
ether  bottle  by  means  of  rubber  tubing.  As  ether  boils  at  a  point 
below  the  temperature  of  the  body  (about  35°  C),  the  introduced 
vapor  remains  in  the  intestinal  canal  in  a  gaseous  state,  and  is  there 
readily  absorbed.  The  rate  of  absorption  in  this  place  is  by  no 
means  comparable  with  that  of  the  absorption  of  ether  by  the  lungs. 
The  absorption,  however,  is  greatly  facilitated  by  an  increase  of  the 
intra-intestinal  pressure,  which  can  be  easily  accomplished  by  increas- 
ing the  temperature  of  the  water-bath,  and  thus  introducing  rapidly 
large  quantities  of  ether  vapor  into  the  intestines.  It  must  be  borne 
in  mind  that  the  favorable  as  well  as  the  dangerous  state  of  anaes- 
thesia depends  upon  the  amount  of  ether  present  at  one  time  in 
the  blood,  and  this  depends  not  only  upon  the  rate  of  absorption,  but 
also  upon  the  rate  of  the  excretion  from  the  body.  Ether  is  always 
excreted  through  the  lungs.  If  too  large  quantities  of  ether  vapor 
are  rapidly  thrown  into  the  intestines,  not  only  will  absorption  be 
increased,  but  the  enormously  developing  meteorism  may  seriously 
impair  the  respiration,  and  considerably  diminish  the  excretion  of  the 
ether,  and  thus  cause  death.  On  the  other  hand,  the  excretion  of 
ether  by  the  lungs  is  apparently  more  completely  accomplished  when 
the  vapor  is  introduced  into  the  rectum  than  when  inhaled  by  the 
lungs,  as  in  the  latter  case  the  ether  has  to  be  exhaled  into  an  atmos- 
phere already  saturated  with  ether.  If  the  temperature  of  the  water 
is  not  too  high,  and  if  care  is  taken  to  remove  frequently  the  ether 
bottle  from  the  water-bath,  the  ether  anaesthesia  by  the  rectum  is  a  safe 
and  convenient  method  for  certain  laboratory  purposes.     Thus,  a  rab- 
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bit  can  be  narcotized  in  a  few  minutes,  and  can  be  kept  in  a  state 
of  anaesthesia  for  many  hours  without  the  aid  of  a  special  assistant 
The  peristalsis  usually  removes  the  surplus  of  gas  from  the  intestines, 
if  the  gas  is  not  generated  too  rapidly,  and  a  moderate  meteorism 
can  easily  be  removed  by  gentle  massage.  The  absorption  seems  to 
take  place  in  the  rectum,  at  least  there  was  no  ether  present  in  the 
small  intestines  in  cases  of  complete  anaesthesia  from  a  moderate 
generation  of  ether  vapor.  In  dogs  between  twenty  minutes  and  half 
an  hour  is  required  for  a  thorough  anaesthesia.  But  during  this 
period  there  seems  to  be  no  danger  whatsoever  for  the  animal.  An 
injection  of  morphine  facilitates  the  result  without  increasing  the 
danger.  The  rectal  tube  should  be  fastened  so  as  to  prevent  its 
expulsion  by  the  peristalsis,  and  the  ether  bottle  should  be  kept 
higher  than  the  rectum,  in  order  to  prevent  the  contamination  of  the 
ether  by  intestinal  contents. 

Anaesthesia  by  the  rectum  has  the  following  advantages  :  If 
performed  properly  it  is  by  far  less  dangerous  to  the  animal  than 
anaesthesia  by  inhalation.  It  requires  little  attention,  and  no  special 
assistant.  It  does  away  with  all  the  reflexes  affecting  respiration, 
heart-beat,  and  blood-pressure,  which  are  such  disturbing  elements 
in  anaesthesia  by  inhalation. 

Rectal  anaesthesia  was  suggested  by  Pirogofffor  surgical  operations 
as  early  as  1849.  It  did  not  come  into  practical  use  until  the  begin- 
ning of  the  eighties,  when  it  was  tried  abroad  and  in  this  country. 
The  slow  procedure,  the  tenesmus,  and  the  possibility  of  meteorism 
prevented  its  general  use.  Some  experiments  were  made  on  animals, 
but  only  for  testing  its  practicability  for  surgical  purposes.  So  far  as 
I  know,  no  previous  attempt  to  introduce  it  for  laboratory  purposes, 
has  been  made. 


DEMONSTRATION:    A  SIMPLE   METHOD   FOR  THE   REDIS- 
TENTION   OF  THE  COLLAPSED  LUNG. 

By  S.  J.  MELTZER. 

The  method  mostly  employed  for  the  redistention  of  the  collapsed 
lung  (in  animals)  is  the  sucking  out  of  the  air  from  the  pleural  cavity. 
But  any  one  who  has  had  extensive  experience  with  this  method 
knows  how  unsatisfactory  it  is.  In  many  cases  a  piece  of  the  lung 
is  firmly  sucked  into  the  cannula,  or  if  the  opening  in  the  chest  is 
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made  in  the  sixth  intercostal  space,  or  lower,  it  often  happens  that 
even  the  diaphragm  is  sucked  into  it.  With  the  aid  of  my  pleural 
cannula  I  have  demonstrated  on  a  rabbit  a  simple  method  for  the 
redistention  of  the  collapsed  lung,  and  the  re-establishing  of  negative 
pressure  in  the  pleural  cavity.  The  protruding  nozzle  of  the  cannula 
is  connected  with  a  Miiller's  valve.  Then  the  hand  is  placed  upon 
the  abdomen,  and  the  stomach  and  the  liver  are  pressed  into  the 
thorax  while  the  trachea  is  being  compressed.  As  the  air  of  the 
compressed,  non-collapsed  lung  cannot  escape  through  the  trachea, 
it  enters  into  the  collapsed  lung  and  distends  it  By  this  distention, 
and  by  the  pressure  from  below,  the  air  is  driven  out  of  the  perfo- 
rated pleural  cavit)%  while  the  valve  prevents  the  entrance  of  air. 


Figure  i. 

When  now  the  stopcock  of  the  cannula  is  closed,  the  tube  leading 
to  the  valve  removed,  and  the  nozzle  connected  with  a  manometer, 
the  latter  immediately  shows  a  negative  pressure.  In  the  experi- 
ment illustrated  by  Fig.  i  the  nozzle  of  the  cannula  was  connected 
with  a  Marey's  tambour.  The  straight  line  was  drawn  under  normal 
atmospheric  pressure ;  all  above  the  line  is  at  positive,  and  all  below 
at  negative  pressure.  The  undulations  at  the  left  were  obtained  from 
the  pleural  cavity  while  it  contained  air.  The  expiration  was  always 
positive.  Then  the  lung  was  distended,  and  the  air  driven  out  by 
the  method  described  above,  and  the  cannula  again  connected  with 
a  Marey's  tambour.  Both  expiration  and  inspiration  were  now  below 
the  line  of  the  atmospheric  pressure. 
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ON    CERTAIN   CHARACTERISTICS   OF   THE   PRESSURE 
SENSATIONS  OF  THE  HUMAN   SKIN. 

By  G.  p.  CLARK. 

Von  Frey  has  shown  that  the  effectiveness  of  non-painful  me- 
chanical stimuli,  in  exciting  the  so-called  sense  of  pressure  of  the 
human  skin,  depends  upon  certain  factors  in  addition  to  the  strength 
of  the  stimulus,  namely,  the  rapidity  of  its  application,  the  size  of 
the  surface  to  which  it  is  applied,  and  the  locality  of  the  skin  stimu- 
lated. He  determines  the  value  of  the  physiological  factor,  the 
so-called  "  pressure-points,"  of  any  skin  surface,  by  the  use  of  test- 
hairs  (^Reishaare)y  the  pressure  of  which  is  calculated  from  careful 
measurements  of  the  applied  surface  and  the  power,  i.  r.,  the  weight 
which  each  can  balance  on  the  scales.  Finding  that  test-hairs  of 
greater  surface  and  power  are  more  effective  physiologically  than 
those  of  smaller  surface  and  power,  but  of  the  same  hydrostatic 
pressure,  he  assumes  that  the  nerve  organs  concerned  in  the  pressure 
sense  are  situated  somewhat  deeply  in  the  skin.  An  object  of  the 
research  here  reported  was  to  determine  whether  the  same  organs  in 
the  skin,  which  have  been  shown  to  be  called  into  action  by  the  de- 
formation caused  by  pressure  {Druck),  are  also  excited  by  that 
caused  by  traction  (Zug),  or  whether  other  organs  are  concerned. 
The  movements  of  the  structures  underneath  the  skin  may  evidently 
change  the  tissue  pressure  of  the  skin,  either  increasing  or  diminish- 
ing it,  according  to  the  kind  of  movement  and  the  relation  of  the 
skin  to  the  part  moved.  Changes  of  pressure,  corresponding  to  those 
of  pressure  or  traction  from  without  upon  the  surface  of  the  skin, 
may  thus  arise.  Tests  were  made  upon  very  small  (0.3  to  0.5  mm^.) 
and  large  (10  to  50  mm^.)  surfaces  on  the  left  wrist  and  thumb,  and 
with  momentary  and  continued  stimuli  of  different  strengths.  The 
stimuli  were  applied  by  means  of  a  double-arm  wooden  lever  in 
equilibrium,  the  end  of  one  arm  being  connected  by  a  very  light 
straw  with  the  surface  of  the  skin  to  be  stimulated,  the  end  of  the 
straw,  or  of  a  cork  disc,  which  was  slipped  on  to  it  when  increase  of 
surface  was  desired,  being  glued  to  the  skin.  The  forearm  of  the 
person  upon  whom  the  tests  were  made  was  held  in  a  plaster  of  Paris 
mould.  Weighting  or  striking  the  arm  of  the  lever  between  its  axis 
and  the  skin  served  to  produce  pressure ;  weighting  or  striking  the 
opposite  arm  produced  traction.     It  was  found  that  the  so-called 
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**  pressure-points "  most  sensitive  to  pressure  are  also  most  and 
equally  sensitive  to  traction ;  that  with  very  small  surfaces  (0.3  vavc?,) 
there  is  inability  to  distinguish  between  pressure  and  traction,  even 
with  strong  and  continued  stimuli ;  and  that  fatigue  produced  by  a 
strong  continued  pressure  stimulus  is  fatigue  for  effects  of  subsequent 
momentary  traction  as  well  as  pressure  stimuli.  With  large  surfaces 
(50  mm'-^.)  it  was  found  that  with  momentary  stimuli,  even  of  marked 
strength,  there  is  inability  to  distinguish  between  pressure  and  trac- 
tion, and  that  continued  stimuli  may  be  of  insufficient  strength  to 
enable  one  to  distinguish  those  of  pressure  from  those  of  traction. 

Collectively  the  tests  showed  that  ability  to  distinguish  between 
pressure  and  traction  depends  upon  the  size  of  the  surface  stimu- 
lated, the  duration  of  the  stimulus,  and  the  strength  of  the  stimulus; 
that  it  is  not  an  inherent  quality  of  the  impulse  excited  in  the  nerve 
organs  of  the  skin  by  the  changes  of  pressure.  It  having  been  found 
that  the  points  most  sensitive  to  pressure  are  also  most  sensitive  to 
traction ;  that  simple  sensations  of  deformation  are  provoked  by 
simple  stimuli  in  either  direction ;  that  fatigue  for  pressure  is  also 
fatigue  foi'  traction ;  and  that  the  factors,  strength  of  stimulus,  ra- 
pidity of  application,  size  of  surface  to  which  the  stimulus  is  applied, 
and  locality  of  skin  stimulated  are  of  the  same  value  in  the  effective- 
ness of  traction  stimuli  as  they  have  previously  been  found  to  be  in 
that  of  pressure  stimuli ;  —  it  is  assumed  that  the  same  nerve  organs 
in  the  skin  are  excited  by  both  kinds  of  stimuli. 


THE   MOVEMENT   OF   FOOD   IN    DEGLUTITION. 

By  a.  MOSEK  and  W.  B.  CANNON. 
[Reported  for  H.  P.  BOWUITCH  by  \V.  T.  PORTER.] 

By  mixing  subnitrate  of  bismuth  with  the  bolus,  the  passage  of  the 
food  along  the  oesophagus  can  be  seen  with  the  Roentgen  rays.  In 
the  cat,  solid  and  mushy  boluses  are  carried  down  by  peristalsis,  the 
descent  being  more  rapid  in  the  upper  thoracic  region  than  in  the 
neck  or  below  the  level  of  the  heart.  Liquids  descend  faster  than 
solids  or  soft  solids  as  far  as  the  level  of  the  heart,  but  often  remain 
there  for  several  minutes  before  a  peristaltic  wave  pushes  them  into 
the  stomach.  In  man,  solids  and  soft  solids  are  likewise  forced  down 
the  oesophagus  by  peristalsis. 
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THE  MOVEMENTS  OF  THE   STOMACH,  STUDIED   BY 
MEANS   OF  THE   ROENTGEN   RAYS. 

By  W.  B.  cannon. 
[Reported  for  H.  P.  BOWDITCH  by  W.  T.  PORTER.] 

The  conclusions  reached  in  this  investigation  are  as  follows: 
(i)  By  mixing  a  harmless  powder,  subnitrate  of  bismuth,  with  the 
food,  the  movements  of  the  stomach  can  be  seen  by  means  of  the 
Roentgen  rays. 

(2)  The  stomach  consists  of  two  physiologically  distinct  parts: 
the  pyloric  part  and  the  fundus :  over  the  pyloric  part,  while  food  is 
present,  constriction-waves  are  seen  continually  coursing  towards  the 
pylorus;  the  fundus  is  an  active  reservoir  for  the  food,  and  squeezes 
out  its  contents  gradually  into  the  pyloric  part. 

(3)  The  stomach  is  emptied  by  the  formation,  between  the  fundus 
and  the  antrum,  of  a  tube  along  which  constrictions  pass.  The  con- 
tents of  the  fundus  are  pressed  into  the  tube,  and  the  tube  and  antrum 
are  slowly  cleared  of  food  by  the  waves  of  constriction. 

(4)  The  food  in  the  fundus  is  not  moved  by  peristalsis,  and  conse- 
quently it  is  not  mixed  with  the  gastric  juice ;  it  can  therefore  undergo 
salivary  digestion  in  this  region  for  a  considerable  period  without  being 
disturbed.  The  food  in  the  pyloric  portion  is  first  pushed  forward  by 
the  running  wave,  and  then  by  pressure  of  the  stomach  wall  is  returned 
through  the  ring  of  constriction ;  thus  the  food  is  thoroughly  mixed 
with  gastric  juice  and  is  forced  by  an  oscillating  progress  to  the 
pylorus. 

(5)  The  pylorus  does  not  open  at  the  approach  of  every  wave,  but 
only  at  irregular  intervals.  The  arrival  of  a  hard  morsel  causes  the 
sphincter  to  close  tightly,  thus  materially  interfering  with  the  passage 
of  the  already  liquified  food. 

(6)  Solid  food  remains  in  the  antrum  to  be  rubbed  by  the  con- 
strictions until  triturated,  or  to  be  softened  by  the  gastric  juice,  or 
later  it  may  be  forced  into  the  intestine  in  the  solid  state. 

(7)  The  constriction-waves  have,  therefore,  three  functions:  the 
mixing,  trituration,  and  expulsion  of  the  food. 

(8)  At  the  beginning  of  the  act  of  vomiting  the  gastric  cavity  is 
separated  into  two  parts  by  a  constriction  at  the  beginning  of  the 
antrum;  the  cardiac  portion  is  relaxed  and  the  spasmodic  contrac- 
tions of  the  abdominal  muscles  force  the  food  through  the  opened 
cardia  into  the  oesophagus. 
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(9)  The  stomach  movements  are  inhibited  whenever  the  animal 
shows  signs  of  anxiety,  rage,  or  distress. 

The  full  paper  will  be  published  in  the  next  number  of  this  Journal. 


NEW   EXPERIMENTS  ON   THE   MAMMALIAN  HEART. 

By  W.  T.  porter. 

I.  The  recovery  of  the  whole  heart  from  fibrillary  contractions; 
see  this  Journal,  vol.  i,  page  71. 

II.  The  effect  of  the  beat  of  the  heart  upon  the  flow  of  blood 
through  the  walls  of  the  heart;  see  this  Journal,  vol.  i,  page  145. 

III.  A  method  for  the  study  of  the  blood-currents  at  the  root  of 
the  aorta. 

A  small  cylinder,  covered  with  lead  foil,  and  of  the  same  specific 
gravity  as  the  blood,  is  fastened  by  a  very  short  thread  to  the  end  of 
a  probe  and  passed  through  the  carotid  artery  and  aorta  to  a  position 
just  above  the  semilunar  valves.  The  movements  of  the  cylinder  are 
those  of  an  equal  mass  of  blood.  They  may  be  watched  with  the 
Roentgen  rays  after  the  removal  of  the  ribs. 


THE    EFFECT    OF    INANITION    ON    THE    STRUCTURE 

OF    NERVE    CELLS. 

By  F.  W.  barrows. 

The  researches  to  be  described  were  undertaken  in  order  to  find 
out  by  what  structural  alterations,  if  any,  a  starved  nerve  cell  may  be 
distinguished  from  one  that  is  well  nourished. 

In  each  of  three  experiments,  three  rats  of  the  same  sex,  and  similar 
in  weight  and  general  condition,  were  kept  in  mechanical  cages  side 
by  side.  Kymograph  records  gave  a  continuous  history  of  the 
activities  of  each  animal  during  the  experiments,  together  with  the 
temperature  and  atmospheric  pressure  for  each  moment  of  time.  A 
study  of  these  records  shows  that  fatigue  as  well  as  starvation  is  a 
strong  factor  in  producing  the  effects  noted.  Upon  tlie  death  of  the 
famished  rat,  the  control  rat  was  weighed  and  killed.  The  tissues  of 
the  famished  and  control  animals  selected  for  comparison  were  treated 
together  in  the  manner  described  by  Dr.  Hodge  in  his  work  on 
Fatigue.     By  this  method,  the  tissues  of  the  normal  and  famished 


Tenth  Annual  Meeting.  xv 

animals  received  exactly  the  same  treatment  from  the  moment  of  dis- 
section until  they  were  mounted  together  on  the  same  slide.  Micro- 
scopical comparison  and  measurement  of  normal  and  famished  nerve 
cells  from  the  occipital  cortex,  spinal  ganglia,  and  cord,  shows:  — 

( 1 )  A  decided  shrinkage  in  size  of  the  cells  and  nuclei  in  the  fam- 
ished animals,  averaging  about  20  per  cent,  and  a  still  greater  shrink- 
age in  the  nucleoli. 

(2)  An  evident  exhaustion  of  the  substance  of  famished  cells,  as 
shown  by  their  faint  staining  with  osmic  acid  and  the  notable  ab- 
sence of  nuclei  and  nucleoli.  The  protoplasm  of  these  cells  shows  a 
very  fine  vacuolation,  not  so  marked  as  that  described  by  Rosenbach 
for  starving  animals,  and  by  Hodge  for  extreme  fatigue.  In  the 
brains  of  famished  rats  the  pericellular  lymph  spaces  are  consider- 
ably enlarged. 


The  Composttion  and  Nutritive  Value  of  Some  Edible  American  Fungi. 
By  Lafayette  B.  Mendel. 
See  this  Journal,  vol.  i,  p.  225. 

Some  Experiments  on  the  Excretion  of  Kynurenic  Acid.     By  L.  B. 
Mendel. 

Demonstration:  A  New  Pleural  Cannula  in  situ.     By  S.  J.  Meltzer. 
A  description  of  the  cannula  will  be  published  in  this  Journal. 

Demonstration  :  The  Nutrfhon  of  the  Mammauan  Heart  through  the 
Vessels  of  Thebesius.     By  W.  T.  Porter  (for  F.  H.  Prait). 
See  this  Journal,  vol.  i,  p.  ^6. 

A  Basis  for  a  Theory  of  Color  Vision.     By  W.  Paiten. 

Influence  of  Alcohol  upon  the  Young  in  Dogs  and  upon  the  SEVERrrv 
of  an  Attack  of  Distemper.     By  C.  F.  Hodge. 

Read  by  title. 

Influence  of  Alcohol  upon  Voluntary  Muscular  Power  in   Condi- 
tions of  Fatigue.     By  C.  F.  Hodge. 
Read  by  title. 

The  Influence  of  Bile  and  Bile  Salts  on  Pancreatic   Proteolysis. 
By  R.  H.  CnrrTENDEN. 
Read  by  title.     This  paper  will  appear  in  the  next  issue  of  this  Journal. 

The  Biological  Problems  of  To-Day  :  Physiology.     By  J.  Loeb. 
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TABLE   VIII. 
Constant  of  Attention  in  Reckoning. 


(</ )  Multipltcation  of  numbers  froni  11  to  20  with  eyes  closed. 

'  Right  Hand. 

LEFr  Hand. 

Mean 
ordinate. 

P. 

«• 

P- 

"-'■-,.'■ 

P. 

P- 

.56 

Max.    .     .     . 

25.3 

11.9 

.52 

2Z.1 

10.2 

10  sec.      .     . 

22.9 

102 

.55 

21.6 

9.3 

.56 

Mil).     .     .     . 

19.9 

8.8 

.55 

18.3 

74 

.59 

Mean  .     .     . 

22.0 

10.0 

.54 

20.4 

9.0 

.55 

Four  errors  out  of  22  problems. 

Four  errors  out  of  18  problems. 

{b)  Multiplication  of  numbers  from  20  to  30,  eyes  closed,                                                           1 

Max.    .     .     . 

26.1 

12.1 

.53 

23.7 

10.8 

.54 

10  sec.      .     . 

23.5 

9.4 

.60 

21.9 

9.8 

.55 

Min.     .     .     . 

20.5 

7.9 

.60 

18.4 

6.7 

.63 

Mean  .     .     . 

23.2 

9.1 

.59 

205 

7.9 

.61 

• 

Four  errors  out  of  20  problems. 

Six  errors 

out  of  20  problems. 

(r)  Multiplication  of  numbers  from  30  to  40.    Results  registered. 

Eyes  follow  the  figures. 

Max.  A 

10  sec.  A. 

Min.  . 

A. 

1 

Mean  A. 

Right  Hand      .     . 

.50 

.54 

.63 

1 

.54 

1 

I>eft  Hand    .     .     . 

.46 

.35 

.43 

.38 

1 

(</)  Adding  by  12V,  8'j,  9*1,  etc.^  eyes  closed. 

Max.  A. 

10  sec.  A. 

Min.  . 

4. 

Min.  A. 

Right  Hand      .    . 

.40 

.44 

.32 

.39 

Left  Hand   .    .    . 

.46 

.48 

.46 

.47 
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Jeannette  C.  Welch. 


{e)  Multiplication  of  numbers  from  1 1  to  20. 

Subject  No. 

Ratio  of 
error. 

Max.  A. 

10  sec.  A. 

Min.  A. 

Mean  A. 

2 

H 

.24 

.31 

.41 

.30 

3 

•     •      •     • 

.65 

.65 

.62 

.64 

6 

% 

.20 

.20 

.22 

.23 

8 

'A 

.13 

.20 

.27 

.20 

10 

•      •      •      • 

.40 

.43 

.48 

.44 

(/)  Multiplication  of  numbers  from  6o  to  70. 

Right  Hand    . 

Max.  A,  .46 

10  sec.  A,  .48 

Mill.  Ay  .46 

Mean  A,  .47 

D.  Constant  of  Attention  in  Reading  and  Writing. — In  this  series 
I  determined  the  constants  with  the  right  hand  alone.  I  read  an 
article  not  very  difficult  to  comprehend  from  a  sociological  journal, 
and  determined  the  constants  as  before.  The  following  table  {a) 
shows  that  the  constants  are  smaller  than  those  in  reckoning. 


TABLE   IX. 


(^') 


Max.  A, 

10  sec.  A. 

Min.  A. 

Mean  A. 

Right  Hand     .     . 

■             > 

.34 
.38 

.30 
37 

.36 
.30 

.34 
.38 

In  {b)  are  seen  the  results  of  a  series  of  experiments  where  I  used 
all  those  coordinated  muscles  necessary  in  writing  without  doing  other 
mental  work.  I  made  short  straight  lines,  one  after  another,  all 
the  time  I  was  pulling  the  dynamometer.  Thus  I  determined  the 
constants  for  those  complex  coordinated  motions. 

This  activity  requires  about  the  same  degree  of  attention  as  that 
in  the  other  two  series.  The  constants  for  the  right  hand  may  be  a 
little  higher  on  account  of  the  greater  effort  in  writing  with  the  left 
hand.  I  observe  here,  that  the  greater  the  muscular  effect  in  pulling 
the  dynamometer,  the  longer  the  marks,  and  the  harder  the  other 
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hand  would  press  on  the  paper  in  writing.  Accordingly  the  more 
the  subject  inhibited  such  impulses  and  wrote  naturally,  the  less  the 
muscular  work  done.  I  believe  this  explains  the  lower  constants  of 
attention  obtained  from  other  subjects  in  this  series  of  experiments(r). 


{b)  Constants  in  writing. 


Max.  A, 

10  sec.  A. 

Min.  A, 

Mean  A. 

Right  Hand    .     . 

.34 

.41 

.40 

35 

J6 

.30 

36 

33 

(c) 

Subj.  No. 

Max.  A. 

10  sec.  A, 

Min.  A. 

Mean  A. 

2 

.20 

33 

.33 

.22 

3 

.28 

.25 

31 

.24 

11 

.08  X 

.25 

.46 

.24 

E.  Constants  Varied  by  Beginning  Moaonlar  Activity  First. — In  all 
the  former  determinations,  the  muscular  activity  was  begun  while  the 
mental  activity  was  going  on.  By  reversing  this  order  I  found  as 
Loeb  had  done  before  that  in  most  cases  the  corresponding  constants 
were  markedly  less.  The  difference  is  more  marked  in  some  subjects 
than  in  others,  but  in  all  cases  the  mean  constant  is  less  if  determined 
by  beginning  the  muscular  activity  first. 

As  I  mentioned  before,  among  the  sources  of  errors,  a  subject 
often  transfers  most  of  the  attention  from  the  mental  to  the  muscular 
work  when  he  first  begins  to  pull  the  dynamometer,  and  this  is  the 
reason  the  maximum  constants  are  not  more  accurate. 

The  effect  of  the  order  of  the  two  activities  on  the  constants  of 
attention  may  have  some  theoretical  importance.  The  following 
tables  give  the  constants  side  by  side,  obtained  under  each  condition. 
The  inhibitory  effect  of  the  mental  activity  upon  the  muscular  work 
is  less  when  the  muscular  innervation  is  begun  first.  Hence  the 
constant  of  attention  is  much  less  for  the  same  activity,  as  the  table 
shows. 
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TABLE  X. 


(./)  Ref^istration  of  vibration  of  pendulum  ^  2  tubfs.                                                                     1 

¥ 

Muscular 
act.  1st. 

10  sec.  s4. 

.22 
.21 

Mental 
act.  I  St. 

10  sec.  A. 

Muscular 
act.  1st. 

Min.  A. 

,ZZ 
.42 

Mental 
act.  1st. 

Min.  A. 

Muscular 
act.  1st. 

Mean  A. 

Mental 
act.  1st. 

Mean  A.     f 

R.  II.       . 
L.  II.  .     . 

.48 
.39 

.49 
.42 

.23 

.30 

.41 
.34 

(/•)  Observa 

tion  of  coiucii 

ience  of  tioo  pendulums. 

R.  n  .   . 

L.  II.      . 

.31 
.11 

.34 
.41 

.38 
.37 

.57 
.48 

.24 
.31 

.41 
.42 

r 

(r)  Reckoning. 

R.  H.      . 
L.  H.       . 

.26 
.13 

.55 
.55 

.56 
.14 

.55 
.63 

.42 
.39 

.54 
.61 

1 
1 

\ 

{d)   Writing 

sr- 

K.   rl. 
L.  II.       . 

.10 

.25 

.41 
.30 

.13 
.05 

.40 
.36 

.01 
.14 

.35 
.33 

[e)  Registration  of  vibration  of  pendulum. 

Subj.  No. 

R.  II.     3 
L.  H.      4 

Muscular 

act.  1st. 

lo  sec.  A. 

Mental 

act.  1st. 

10  sec.  A. 

Muscular 
act.  ist. 
Min.  A. 

MenUl 
act.  1st. 
Min.  A. 

Muscular 

act.  1st. 

Mean  A. 

Mental 
act.  1st. 
Mean  A. 

.34 
.27 

.34 
.42 

.16 
.10 

.32 
.33 

.56 
.44 

.56 
.61 

■ 

(/)  Reckoning 

R.  H.     2 
«     "       3 
L.  II.      8 

.28 
.10 
.01 

.30 
.64 
.20 

.20 
.06 
.06 

.31 
.62 
.20 

.16 
.25 
.14 

.41 

.64 

^      .27 

Tfu  Measurement  of  Mental  Activity. 
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TABLE   XI. 
Fatigue  curves. 


Muscular  activity  alone. 

(a)  Muscular  and  mental  activity. 
Registration  of  rhythms. 

Mean  or. 

No.  sec. 

Kilo.  sec. 

Mean  or. 

No.  sec. 

Kilo.  sec. 

Right  Hand   . 

K21.2 

79 

1674.8 

10.0 

157 

1570.0 

«                       M 

15.2 

72 

1049.4 

8.0 

182 

1456.0 

li                      « 

184 

101 

1858.4 

13.1 

114 

1493.4 

U                       «< 

22.3 

63 

1398.6 

125.0 

86 

1075.0 

<l                      *« 

240 

13 

312.0 

15.0 

114 

1710.0 

Left  Hand 

21.5 

77 

1655.5 

117 

192 

2246.4 

««        t( 

17.6 

76 

1337.6 

129 

212 

2734.8 

«<        i( 

16.5 

71 

1171.5 

11.1 

116 

1287.6 

it        •« 

15.5 

72 

1116.0 

6.7 

274 

1835  8 

*«        (. 

•    •   •   • 

•    •    •    • 

•   •    •   ■ 

13.4 

146 

19564 

(b)  Reckoning. 

Right  Hand   . 

12.0 

130 

1560.0 

10.5 

229 

2404.5 

.(          << 

14.5 

68 

986.0 

8.3 

298 

2473.4 

«<          « 

16.0 

115 

1840.0 

7.4 

285 

2109.0 

((          «( 

17  5 

107 

1872.5 

6.0 

252 

1512.0 

w                « 

7.6 

228 

1732.8 

■   •    •    • 

.... 

. . .  ■ 

Left  Hand     . 

10.4 

101 

1050.4 

9.4 

303 

284aO 

«(        '* 

10.8 

202 

21816 

9.0 

298 

2682.0 

i«        (1 

16.0 

76 

1216.0 

8.1 

270 

2187.0 

■ 

8.6 

206 

17716 

t   •  •    • 

•    •  •   t 

•  •  •  • 

t*        « 

14.8 

88 

1302.4 

•    •    •   « 

•   •   •   t 

•  • .  • 
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III.  Fatigue. 

Fatigue  entered  incidentally  into  these  experiments,  and  I  will 
give  some  facts  observed.  It  was  found  without  exception  that  the 
feeling  of  muscular  fatigue  sets  in  much  later  when  the  muscular 
activity  is  accompanied  by  mental  activity.  The  difference  in  time 
was  from  15  to  33  per  cent. 

Other  experiments  were  conducted  in  the  manner  just  described, 
but  the  subject  continued  the  work  in  all  cases  until  fatigued,  instead 
of  stopping  the  moment  fatigue  began  to  be  felt. 

Table  XI  gives  the  static  work  alone  and  when  accompanied  by 
mental  work,  in  kilogram-seconds. 

The  tables  show  that  in  twelve  cases  out  of  fifteen,  the  static  con- 
traction in  kilogram-seconds  is  greater  during  mental  activity.  Since 
the  work  done  in  each  case  is  proportional  to  the  area  of  the  curve,  the 
actual  muscular  work  done  is  the  greater  when  accompanied  by  mental 
activity.  There  are  two  probable  causes  for  this:  (i),  a  lower  mean 
ordinate;  (2),  a  higher  threshold  value  for  the  sensation  of  fatigue 
during  mental  work  than  during  muscular  activity  alone.  It  is  a  matter 
of  common  experience  that  one  does  not  feel  physical  fatigue  or  any 
pain  so  soon  when  the  attention  is  given  to  some  one  activity. 

The  increase  in  the  threshold  value  for  the  perception  of  fatigue 
would  take  place  whether  the  origin  of  fatigue  was  in  the  periphery 
or  in  the  central  nervous  system.  If  the  energy  of  all  the  innervation 
from  the  centres  has  one  common  source,  the  origin  of  fatigue,  in 
these  experiments,  must  be  in  the  periphery ;  otherwise  the  mental 
work  would  be  done  at  the  expense  of  the  muscular  work ;  but  the 
origin  of  fatigue  is  not  in  the  loss  of  innervation  energy  in  the  centre, 
but  in  the  muscle  tissue  itself. 

IV.  Conclusion. 

I  will  make  a  brief  summary  of  the  quantitative  results  of  my  inves- 
tigations by  giving  a  comparative  table  of  the  constants  of  various 
activities  arranged  in  the  order  of  the  magnitude  of  the  mean  con- 
stants. A  study  of  the  tables  shows  that  the  constant  of  attention  for 
any  activity  increases  with  — 

1 .  Effort  of  accommodation  of  the  special  sense  organs. 

2.  Effort  in  coordination  of  the  muscles. 

3.  Effort  of  the  memory. 

4.  Number  of  simultaneous  activities. 
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Constants  of  Attention  for  Various  Mental  Activities  from  One 
Subject. 

R.  H.  L.  H. 
Registration  of  VibratioD  of  Pend,  by  one  Tube;  Visual  Per.     ,     .     ,23 

two  Tubes ;  Audirory  Per .     ,     .18        .38 

Direct  Observation  of  Coincidence  of  two  Pend.  and  Register    .     .     .34 

Reading 34 

Writing 3S 

Strained  Visual  Perception 38 

Adding  Numbers 39 

Observation  of  Coincidence  of  two  Pend.  througli  Tubs  and  Register  .41 
Registration  of  Vibration  of  two  Pend.  by  two  Tubes  (Visual)    .     .     .46 

Rhythmical  Rotation  of  Wheel  with  Pend 46 

Multiplication  of  Numbers  from  60  to  70 47 

"  12  to  20 S4        -11 

"  "  "  20  to  ,10 S9        .61 

Counting  of  Register  of  jth  Vibration  of  Metronome  and  2d  Vibra- 
tion of  Pend 59         58 

Mban  Constants  of  Attention  from  Various  SuBjKcrs. 


From  a  study  of  the  curves  for  the  two  hands,  I  must  conclude  that 
the  innervations  to  perform  rhythmical  contractions  given  to  the  left 
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hand,  while  the  right  hand  is  innervated  to  pull  the  dynamometer,  are 
communicated  to  the  right  hand  and  influence  the  form  of  the  curve, 
while  innervations  to  perform  rhythmical  contractions  given  to  the 
right  hand,  while  the  left  is  pulling  the  dynamometer,  are  not  trans- 
mitted, or,  at  least,  are  transmitted  much  less  markedly  to  the  left 
hand.  Whatever  be  the  physiological  explanation,  frequent  repeti- 
tion eliminates  this  difference  in  the  two  hands. 

After  a  certain  amount  of  practice,  and  with  care  to  have  Hke  con- 
ditions in  every  case,  I  believe  that  the  mean  constant  of  attention 
for  any  mental  activity  can  be  determined  for  every  subject  with  as 
slight  variations  as  the  personal  equation  in  time  reaction. 

In  conclusion,  I  wish  to  express  my  gratitude  to  Professor  Loeb, 
for  the  kind  assistance  and  the  many  valuable  suggestions  that  I  have 
received  from  him  during  the  course  of  my  work.  My  thanks  are 
also  due  to  a  number  of  my  fellow  students  who  served  as  subjects 
for  experiment. 


THE   INFLUENCE   OF  BILE   AND   BILE   SALTS  ON 

PANCREATIC   PROTEOLYSIS. 

By  R.  H.  CHITTENDEN,  and  ALICE  H.  ALBRO,  B.  A. 
[From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University^ 

THE  natural  commingling  of  bile  and  pancreatic  juice  in  the 
duodenum  is  strongly  suggestive  of  harmony  of  action,  and 
it  might  reasonably  be  assumed  that  in  pancreatic  proteolysis  the 
presence  of  bile  would  be  in  no  wise  inimical.  Indeed,  such  few 
observations  as  have  been  recorded  tend  to  show,  as  a  rule,  that  the 
proteolytic  action  of  the  pancreatic  enzyme  is  not  materially  impeded 
by  the  presence  of  bile  or  its  constituent  salts.  Thus,  many  years 
ago  Heidenhain  ^  observed  that  when  an  aqueous  solution  of  dried 
pig's  bile  was  added  to  a  glycerin  extract  of  the  pancreas,  the  pro- 
teolytic power  of  the  latter  was  not  diminished,  but  apparently 
increased.  A  similar  stimulating  effect  was  observed  on  addition  of  a 
I  per  cent  solution  of  sodium  glycocholate  to  the  enzyme-containing 
solution.  The  few  experiments  then  made  were  purely  qualitative 
ones,  proteolytic  power  being  determined  simply  by  noting  the  rate  at 
which  flocks  of  fibrin  were  dissolved.  The  results,  however,  were 
sufficiently  convincing  to  lead  Heidenhain  to  the  conclusion  that 
"  the  salts  dissolved  in  the  bile  have  an  influence  similar  to  that  of 
sodium  chloride."  Some  years  later  Lindberger '-^  found  that  the  well 
known  inhibitory  action  of  organic  acids  upon  trypsin-proteolysis 
may  be  overcome,  to  some  extent  at  least,  by  the  presence  of  bile 
salts.  Thus  he  observed  that  the  presence  of  1-2  per  cent  of  bile  with 
some  sodium  chloride  would  enable  a  trypsin-solution  containing 
0.02  per  cent  of  lactic  acid  to  digest  fibrin  as  rapidly  as  a  neutral 
solution  of  the  enzyme ;  indeed,  as  rapidly  as  an  alkaline  solution, 
provided  the  content  of  alkali  was  not  too  great.  If,  however,  the 
proportion  of  lactic  apid  was  raised  to  0.05  per  cent,  then  bile  and 
sodium  chloride  weri  without  avail  in  stimulating  proteolysis.  Ex- 
periments made  by  the  writer  ^  some  years  ago  likewise  tended  to 

•  Heidenhain:  Archiv  fiir  die  ges.  Physiol.,  1875,  x,  p.  579. 

•  Lindber(}ER:  Jahresbericht  fiir  Thierchemie,  1883,  p.  282. 

•  Chittenden  and  Cummins  :  Influence  of  bile,  bile  salts,  and  bile  acids  on 
amylolytic  and  proteolytic  action,  Amer.  chem.  journal,  1885,  vii,  p.  50. 
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show  that  the  presence  of  bile  in  a  pancreatic  extract  containing 
combined  salicylic  acid  may  increase  somewhat  the  rate  of  trypsin- 
proteolysis  over  that  of  the  acid  mixture  alone.  It  was  also  shown  at 
the  same  time  that  the  addition  of  bile,  even  to  the  extent  of  lO  per 
cent,  to  neutral  or  alkaline  pancreatic  juice  modifies  only  slightly  the 
rate  and  extent  of  proteolysis ;  under  some  conditions  inducing  a 
slight  stimulation  and  under  other  conditions  a  more  marked  inhibition 
of  proteolysis.  It  was  likewise  observed  that  the  deleterious  action 
of  combined  hydrochloric  acid  upon  trypsin-proteolysis  was  not 
overcome  by  the  addition  of  bile.  A  few  experiments  reported  by 
Martin  and  Williams  ^  have  also  tended  to  indicate  that  bile  and  bile 
salts  may  stimulate  somewhat  the  rate  of  pancreatic  proteolysis. 

A  careful  survey  of  the  results,  and  of  the  conditions  under  which 
the  results  were  obtained,  recorded  up  to  this  time,  led  the  writer  to 
the  conclusion  that  the  addition  of  bile  to  a  neutral  or  alkaline  pan- 
creatic juice  causes  but  little  change  in  its  proteolytic  action.  Some 
slight  stimulation  may  be  produced,  but  there  is  no  convincing  proof 
that  this  is  of  constant  occurrence  or  sufficient  in  degree  to  possess 
much  physiological  significance.  We  have  been  more  inclined  to 
the  view  that  while  the  presence  of  bile  in  the  intestine  may  be  of 
primary  importance  for  the  assimilation  of  fats,  its  action  upon 
trypsin-proteolysis  is  chiefly  negative;  i.e.,  it  neither  retards  nor 
stimulates  proteolysis  to  any  very  great  degree,  under  ordinary  con- 
ditions. Recently,  however,  another  paper  ^  bearing  on  this  subject 
has  appeared  which  renders  necessary  a  reconsideration  of  this  ques- 
tion, for  the  results  which  the  paper  presents  are  so  at  variance  with 
the  above  conclusions  and  so  out  of  harmony  with  generally  accepted 
views  that  some  explanation  of  the  apparent  divergence  must  be 
sought.  This  is  all  the  more  necessary  from  the  fact  that  com- 
paratively few  systematic  quantitative  experiments  have  been  tried. 
We  have  therefore  attempted  a  thorough  study  of  the  subject  with  a 
view  to  establishing  firmly  the  nature  and  extent  of  the  action  which 
bile  and  its  constituents  exercise  upon  pancreatic  proteolysis. 

In  the  experiments  reported  by  Rachford  and  Southgate  emphasis 
is  laid  upon  the  fact  that  they  were  "  planned  for  the  purpose  of 
throwing  some  light  on  the  proteolytic  action  of  pancreatic  juice, 
under  the  conditions  which  normally  exist  in  the  duodenum."  With 
this  end  in  view  pure  pancreatic  juice  was  obtained  from  rabbits, 

1  Martin  and  Williams  :  Proceedings  of  the  Royal  Society,  1890,  xlviii,  p.  160. 
^  Rachford  and  Southgate:  Medical  record,  1895,  xlviii,  p.  878. 
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through  a  pancreatic  fistula,  one  rabbit  yielding  about  i  c.c.  of  the 
secretion  in  from  four  to  six  hours,  this  quantity  sufficing  for  one 
experiment.  As  to  the  character  of  the  bile  employed  there  is  no 
mention.  We  call  attention  to  these  facts  because  there  is  a  manifest 
disposition  on  the  part  of  these  writers  to  accept  the  results  of  other 
workers  in  this  field  as  conclusive  for  the  pancreatic  extracts,  etc. 
employed,  while  their  own  divergent  results  are  to  be  accepted  as 
equally  conclusive  for  the  natural  pancreatic  juice.  We  are  disin- 
clined, however,  to  admit  the  correctness  of  this  view.  Pancreatic 
juice  owes  its  proteolytic  power  to  a  specific  enzyme.  If  the  digestive 
power  of  this  secretion  is  modified  by  the  presence  of  bile  through  a 
specific  action  upon  the  enzyme  it  is  clear  that  this  influence  will  be 
exerted  whether  we  are  dealing  with  the  natural  secretion  or  with 
an  extract  of  the  gland.  If,  however,  the  influence  exerted  is  an 
indirect  one,  affecting  the  enzyme  only  through  changes  of  reaction, 
etc.  it  is  equally  manifest  that  this  influence  can  be  detected  and 
measured  to  the  best  advantage  when  the  environment  is  thoroughly 
known.  We  see,  therefore,  no  particular  advantage  in  making  use 
of  the  natural  secretion  in  a  study  of  this  kind,  especially  where  the 
volume  available  is  so  small  as  to  render  the  attainment  of  accurate 
quantitative  results  somewhat  difficult.  It  is  true  theoretically  that 
the  addition  of  the  fresh  bile  of  an  animal  to  the  natural  pancreatic 
juice  of  the  same  animal  may  constitute  an  ideal  method  for  studying 
the  influence  of  the  former  upon  the  activity  of  the  latter ;  but  when 
the  exigencies  of  the  case  require  that  the  digestive  mixture  be  made 
by  taking  5  drops  of  the  natural  pancreatic  juice,  adding  60  drops  of 
water  and  50  drops  of  a  4  per  cent  solution  of  bile,^  we  see  very  little 
reason  for  believing  that  the  environment  is  thereby  made  to  approx- 
imate any  more  closely  to  normal  conditions  than  with  the  use  of 
artificial  extracts  of  the  gland.  The  point  involved  is  to  our  minds 
an  important  one,  aside  from  the  bearing  it  has  upon  the  question 
before  us.  For  if  it  is  true  that  the  action  of  a  given  agent  upon 
a  specific  enzyme  or  upon  the  specific  power  of  the  enzyme,  is 
necessarily  different  when  added  to  the  natural  secretion  in  which  the 
enzyme  is  contained  from  that  which  results  when  the  same  agent 
is  added  to  an  extract  of  the  enzyme,  then  much  of  our  knowledge 
regarding  the  conditions  modifying  and  regulating  the  action  of  the 
digestive  enzymes  is  of  questionable  value. 

Rachford  and  Southgate  seemingly  incline  to  the  view  that  the  con- 

*  Rachford  and  Southgate  :  loc.  cit 
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ditions  under  which  their  experiments  were  carried  out  approach 
closely  those  normally  existent  in  the  duodenum.  Granting  that  this 
may  be  so,  one  is  still  inclined  after  careful  scrutiny  of  the  conditions 
prevailing  in  their  experiments  to  wonder  what  the  actual  conditions 
really  were.  Nowhere  is  there  any  mention  made  of  the  reaction  of 
the  fluids  employed,  nor  of  the  reaction  of  the  resultant  mixture  when 
bile,  hydrochloric  acid,  and  pancreatic  juice  were  combined.  To  state 
merely  that  a  given  digestive  mixture  was  prepared  by  adding  8  drops 
of  pure  pancreatic  juice,  30  drops  of  o.i  per  cent  hydrochloric  acid, 
and  50  drops  of  a  4  per  cent  solution  of  bile  leaves  one  in  great  doubt 
as  to  whether  the  mixture  so  manufactured  was  acid,  alkaline,  or 
neutral,  and  if  acid  whether  it  contained  free  or  only  combined  acid. 
These  are  obviously  very  important  elements  to  know  if  definite  con- 
clusions are  to  be  drawn  in  explanation  of  the  results.  Data  of  this 
sort,  however,  are  wholly  wanting  in  the  paper  in  question,  hence  we 
are  forced  simply  to  take  the  results  and  guess  at  the  actual  con- 
ditions under  which  they  were  obtained.  Further,  so-called  pure  pan- 
creatic juice,  like  the  other  digestive  secretions,  is  subject  to  constant 
modification  by  the  character  and  extent  of  the  stimulation  which  calls 
it  forth,  while  the  character  and  condition  of  the  semi-digested  food 
passing  from  the  stomach  into  the  duodenum,  together  with  the  amount 
of  free  and  combined  acid,  must  necessarily  lead  to  variable  conditions 
in  the  duodenum.  Add  to  this  the  well  known  variations  in  the  rate 
of  flow  and  composition  of  the  bile,  and  we  may  well  ask  what  are  the 
conditions  which  normally  prevail  in  the  duodenum?  Obviously,  we 
cannot  make  a  definite  answer  within  very  close  limits,  for  the  condi- 
tions are  bound  to  be  more  or  less  variable.  What  we  have  to  ascer- 
tain, therefore,  is  the  influence  of  bile  and  its  constituents  upon  the 
proteolytic  action  of  the  pancreatic  juice  or  its  specific  enzyme  under 
the  various  conditions  which  are  liable  to  exist  in  the  upper  part  of 
the  small  intestine.  This  in  our  judgment  can  be  studied  to  the  best 
advantage  by  the  use  of  artificial  pancreatic  juice,  or  extracts  of  the 
active  gland,  where  the  quantity  obtainable  will  be  sufficient  to  admit 
of  comparative  experiments  under  definite  conditions.  Moreover, 
the  artificial  pancreatic  juice  will  not  be  widely  different  in  the  charac- 
ter of  the  proteid  matter  present  from  the  natural  secretion  employed 
by  Rachford  and  Southgate.  Thus,  these  investigators  state  that  from 
four  to  six  hours  were  required  for  about  one  cubic  centimetre  of  the 
pancreatic  juice  to  flow  from  the  fistula.  Plainly,  during  this  interval 
the  active  proteolytic  enzyme  present  would  transform  the  natural 
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proteids  of  the  juice  into  peptone,  amido-acids,  etc.,  as  completely  as 
the  transformation  would  be  accomplished  in  the  extracts  themselves. 
Hence  in  this  respect,  at  least,  both  fluids  must  differ  from  the  nat- 
ural secretion  normally  poured  into  the  intestine. 

I.   Methods  employed. 

The  pancreatic  extracts  employed  in  our  experiments  were  prepared 
from  two  kinds  of  glands  and  by  two  distinct  methods,  i.  Using 
Kuhne's  well  known  method,^  the  fresh  pancreatic  glands  of  oxen 
were  freed  from  fat  and  thoroughly  dehydrated  by  long  soaking  in  a 
large  volume  of  strong  alcohol  and  lastly  in  ether.  To  prepare  the  ex- 
tract, 20  grams  of  the  dry  tissue  were  warmed  at  40°  C.  for  24  hours  with 
200  c.c.  of  o.i  per  cent  salicylic  acid,  the  solution  strained  off,  filtered 
through  paper,  made  exactly  neutral  with  sodium  carbonate,  and 
diluted  with  water  to  I  litre.  The  sodium  salicylate  formed  on  neu- 
tralization will  serve  to  prevent  putrefaction  for  short  periods,  while 
the  addition  of  a  little  thymol  will  preserve  the  fluid  indefinitely. 
2.  Using  Roberts's  method,'^  pancreatic  glands  from  pigs,  freed  from 
fat,  were  ground  up  with  broken  glass  and  soaked  in  four  times  their 
weight  of  20  per  cent  alcohol  for  4-5  days  with  frequent  agitation. 
The  extract  was  then  filtered  through  paper,  yielding  a  clear,  slightly 
yellow  fluid  of  strong  proteolytic  power. 

The  proteid  material  used  in  measuring  the  relative  proteolytic 
power  of  the  mixtures  was  purified  blood  fibrin,  prepared  by  soaking 
carefully  selected,  well-washed  fibrin  in  cold  and  boiling  water  until 
all  soluble  matter  was  removed,  after  which  the  fibrin  was  thoroughly 
extracted  with  cold  and  boiling  alcohol  and  lastly  with  ether.  The 
friable  mass  was  then  ground  to  a  coarse  powder  and  the  latter  passed 
through  a  series  of  sieves  so  as  to  bring  together  particles  of  the 
same  size.  It  was  then  dried  at  110°  C  until  of  constant  weight,  and 
preserved  for  use.  In  some  few  experiments  coagulated  egg-albumin 
was  made  use  of,  in  which  case  the  actual  content  of  dry  proteid  was 
determined  by  drying  a  given  weight  of  the  coagulum  at  110°  C.  and 
then  determining  the  ash  by  ignition. 

The  character  of  the  bile  employed  is  specified  in  each  experiment. 
The  secretion  was  always  obtained  as  fresh  as  possible,  and  when  from 
dogs  or  cats  it  was  usually  obtained  through  a  temporary  biliary  fistula. 

In  arranging  the  experiments  each  digestive  mixture  in  a  series  was 

*  KOhne  :  Untersuchungen  aus  d,  physiol.  Institute,  Heidelberg,  1878, 1.,  p.  223. 

*  Roberts  :  On  the  digestive  ferments,  etc.,  The  Lumleian  Lectures,  London,  1880. 
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made  to  contain  the  same  volume  of  pancreatic  juice  for  each  gram  of 
dried  fibrin  —  usually  lo  or  20  c.c,  according  to  the  strength  of  the 
juice  —  with  a  total  volume  of  50  c.c. ;  water,  bile,  bile  salts,  acid,  alkali, 
etc.,  being  added  in  the  proportions  necessary  to  give  the  percentages 
specified.  All  the  mixtures  of  a  series  were  placed  in  the  same  water- 
bath  at  40°  C,  all  stirred  equally,  and  when  digestive  action  was  suf- 
ficiently advanced  the  undigested  residues  were  collected  on  weighed 
filters,  previously  dried  at  1 10°  C.  in  glass-stoppered  weighing  bottles, 
and  washed  thoroughly  with  hot  water,  and  lastly  with  alcohol  and 
ether.  On  drying  the  papers  with  their  contents  at  1 10''  C.  until  of 
constant  weight  the  proportion  of  undigested  matter  was  readily  ascer- 
tained, from  which  the  relative  proteolytic  action  of  the  several  mix- 
tures was  easily  calculated.  It  is  hardly  necessary  to  add  that  all  the 
mixtures  of  a  given  series  were  kept  at  40®  C.  for  the  same  length  of 
time,  usually  2-4  hours,  it  being  our  aim  to  have  the  proteid  material 
in  the  control  mixture  digested  to  the  extent  of  40-60  per  cent 

II.  Influence  of  Fresh  Bile  on  the  Proteolytic  Action  of 
THE  Pancreatic  Enzyme  in  Neutral  Solution. 

The  following  quantitative  results  show  the  extent  and  character  of 
the  influence  exerted  by  bile  from  various  sources  upon  neutral  solu- 
tions of  trypsin. 

Experiment  1.    Pig's  bile.    Neutral  extract  of  pig's  pancreas. 


Per  cent  of  Bile, 

Undigested  i 

residue. 

Fibrin  digested.       Relative 

proteoi 

0 

0.4382 

gram 

56.18  per  cent 

100.0 

0 

0.4477 

55.23 

98.3 

1.0 

0.4891 

51.09 

90.9 

3.0 

0.4922 

50.78 

90.3 

5.0 

0.4616 

53.84 

95.8 

10.0 

04426 

55.74 

99.2 

15.0 

0.4204 

57.% 

103.1 

20.0 

0.4052 

59.48 

105.8 

25.0 

0.4206 

57.94 

103.1 

Experiment  2.     Pig's  bile.     Neutral  extract  of  pig*s  pancreas. 

Per  cent  of  Bile,        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

57.82  per  cent  100.0 

56.70  98.0 

53.10  91.8 

52.95  91.5 

53.32  92.2 

54.72  94.6 

58.28  100.8 


0 

0.4218  gram 

0 

0.4330 

1.0 

0.4690 

3.0 

0.4705 

5.0 

0.4668 

10.0 

0.4528 

15.0 

0.4172 

Per  cent  of 

Bile, 

Undigested  residue. 

0 

03823  gram 

0.25 

0.4039 

05 

0.4175 

1.0 

0.4948 

2.5 

0.4815 

5.0 

0.5100 

0 

0.2873  gram 

1.0 

03203 

2.0 

03203 

3.0 

0.3255 

5.0 

0.3306 

10.0 

0.3323 

15.0 

0.3019 
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Experiment  8.    Pig's  bile.    Neutral  extract  of  ox  pancreas. 

FUnrin  digested.       Relative  proteolytic  cation, 

61.77  per  cent  100.0 

59.61  965 

58.25  943 

50.52  81.7 

51.85  83.9 

49.00  793 


Experiment  4.    Ox  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  cutian, 

71.27  per  cent  1000 

67.97  953 

67.97  953 

67.45  94.6 

66.94  93.9 

66.77  93.6 

69.81  97.9 


Experiment  6.  Ox  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,  Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0  0.6008  gram  39.92  per  cent  100.0 

1.0  0.5880  41.20  103.2 

2.0  0.6049  39.51  98.9 

3.0  0.6157  38.43  96.2 

4.0  0.6287  37.13  93.0 

5.0  0.6228  37.72  94.4 

10.0  0.6179  38.21  95.7 


Experiment  6.    Dog's  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,  Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0  0.4070  gram  5930  per  cent  100.0 

1.0  0.4165  5835  983 

2.0  0.4175  58.25  98.2 

3.0  0.4348  56.52  95.3 


Experiment  7.    Dog*s  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0  03353  gram  66.47  per  cent  100.0 

0.25  0.3389  6611  99.4 

0.5  03295  67.05  100.8 

1.0  0.3094  69.06  103.8 

2.5  0.3579  64.21  96.6 

5.0  03760  62.40  938 
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Experiment 

8. 

Dog's 

bile.     Neutral  e: 

Per  cent  of 

Bile. 

U. 

ndii^sted  residue. 

0 

0.4535  gram 

0.25 

0.4602 

0.5 

0.4541 

10 

0.4461 

2.5 

0.4370 

5  0 

0.4(H5 

10.0 

0.4188 

15.0 

0.4155 

Fibrin  digested.        Relative  proteolytic  action. 

54.65  per  cent  100.0 

53.98  98.7 

54.59  99.8 

55.39  101.3 

56.30  1030 

59.55  108.9 

58.12  1063 

58.45  106.9 


Experiment  9.    Cat's  bile.    Neutral  extract  of  ox  pancreas. 

Fibrin  dii^ested.        Relative  proteolytic  action* 
58.11  percent  100.0 

57.74  99.3 

55.47  95.4 

58.76  1011 

Experiment  10.    Sheep\s  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile.         Undigested  residue*  Fibrin  digested.        Relative  proteolytic  action. 


*er  cent  of  Bile, 

Undigested  residue. 

0 

0.4189  gram 

0 

0.4226 

2.0 

0.4453 

7.0 

0.4124 

0 

0.5161 

gram 

48.39  per  cent 

1000 

0.25 

0.5098 

49.02 

101.3 

0.5 

0.5187 

48.13 

99.4 

1.0 

05271 

47.29 

97.7 

2.5 

0.5383 

46.17 

95.4 

5.0 

0.5018 

49.82 

102.9 

0 

0.2409  gram 

0.25 

0.2301 

0.5 

0.2709 

1.0 

0.2645 

2.5 

0.3011 

5.0 

0.3370 

10.0 

0.3142 

Experiment  11.    Sheep's  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,         Undigested  residue.  Fibrin  digested.        Relative  proteolytic  action, 

75.91  percent  100.0 

76.99  101.4 

72.91  96.0 

73.55  96.8 

69.89  92.0 

66.30  87.3 

68.58  90.3 

Experiment  18.    Sheep'.s  bile.     Neutral  extract  of  ox  pancreas. 

Fibrin  digested.        Relative  proteolytic  action. 

51.74  per  cent  100.0 

52.46  101.3 

5283  102.1 

50.69  980 

53.15  102.7 

53.11  102.6 

56.17  108.5 


Per  cent  of  Bile. 

Undigested  residue. 

0 

0.4826  ,^(ram 

0.25 

0.4754 

0.5 

0.4717 

1.0 

0.4931 

2.5 

0.4685 

5  0 

0.4689 

10.0 

0.4383 
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Experiment  18.    Sheep's  bile.     Neutral  extract  of  ox  pancreas. 

*   Fibrin  digested.       Relative  proteolytic  action, 

65.75  per  cent  100.0 

66.44  101.4 

68.51  im.2 

67.42  102.5 

65.73  99.9 

67.13  1020 


Per  cent  of 

BUe. 

Undigested  residue. 

0 

0.3425  gram 

0.5 

0.3356 

1.0 

0.3149 

2.5 

03258 

5.0 

0.3427 

10.0 

0.3287 

Experiment 

14. 

Sheep's  bile.    Neutral 

Per  cent  of 

BUe. 

Undigested  residue. 

0 

0.5791  gram 

0.25 

0.5705 

0.5 

0.5637 

1.0 

0.5635 

2.5 

0.5772 

10.0 

0.5414 

Fibrin  digested.       ReUUhe  proteolytic  cution, 

42.09  per  cent  1000 

42.95  102.0 

43.63  103.6 

43.64  103.6 
42.28  100.4 
45.86  106.9 

Experiment  16.    Sheep's  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile.         Undigested  residue.  Fibrin  digested.        Relative  proteolytic  action. 


0 

0.3507 

gram 

64.93  percent 

100.0 

1.0 

0.3499 

65.01 

100.9 

2.5 

0.3492 

65.06 

101.0 

5.0 

0.3569 

64.31 

99.0 

10.0 

0.3132 

68.68 

105.7 

Experiment  16.  Sheep's  bile.    Neutral  extract  of  ox  pancreas. 

Per  cent  of  BiU,         Undigested  residue.  Fibrin  digested.        Relative  proteolytic  action. 

0  0.3305  gram  66.95  per  cent  lOaO 

0.25  03282  67.18  1003 

0.5  0.3243  67.57  101.4 

1.0  0.3344  66.56  99.4 

2.5  0.3446  65.54  97.8 

5.0  0.3398  66.02  98.6 

10.0  03076  69.24  103.4 

Experiment  17.  Human  bile.^    Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile,         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 


0 

0.3042  gram 

69.58  per  cent 

100.0 

1.0 

0.2980 

70.20 

100.8 

2.0 

0.3175 

68  25 

98.0 

3.0 

0.3542 

64.58 

92.8 

5.0 

0.3652 

63.48 

91.2 

10.0 

03833 

61.67 

88.6 

20.0 

0.4335 

56.65 

81.4 

40X) 

0.4305 

56.95 

81.8 

*  Containing  17.96  per  cent  of  solid  matter. 
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In  looking  through  these  various  experiments  it  is  manifest  that 
the  addition  of  fresh  bile  to  a  neutral  pancreatic  extract  does  not 
give  rise  to  any  very  great  degree  of  stimulation,  /.  £\,  the  proteid- 
digesting  power  of  the  enzyme  is  not  markedly  increased.  Calling 
the  digestive  power  of  the  control  mixture  without  bile  lOO,  it  is  rare 
to  find  the  digestive  power  of  the  enzyme  raised  above  io8  by  ad- 
dition of  bile.  Increased  proteolysis,  however,  is  certainly  induced 
many  times  by  the  addition  of  bile,  and  it  is  somewhat  noticeable  that 
this  increase  is  obtained  more  frequently  in  the  presence  of  large  per- 
centages —  10-25  per  cent  —  than  in  the  presence  of  smaller  amounts. 
Still,  in  no  one  of  our  experiments  do  we  find  a  confirmation  of  the 
results  reported  by  Rachford  and  Southgate,  who  found  on  an  average 
**  that  the  proteolytic  action  of  pancreatic  juice  on  neutral  fibrin  was 
increased  one-fourth  by  the  addition  of  bile.'*  F'urther,  it  is  notice- 
able in  our  experiments  that  in  full  50  per  cent  of  the  results  inhibition 
of  proteolysis  is  produced,  although  here,  likewise,  the  retarding  effect 
is  not  very  marked.  Rarely  does  the  relative  proteolytic  action  fall 
below  QO.  Our  results,  therefore,  seemingly  justify  the  statement  that 
the  addition  of  bile  to  a  neutral  solution  of  the  pancreatic  enzyme, 
even  to  the  extent  of  25  per  cent,  does  not  materially  modify  its 
proteolytic  power;  stimulation  or  inhibition  may  result,  but  not, 
under  ordinary  circumstances,  to  any  very  great  degree.  Still,  the 
question  arises  at  once  why  we  have  both  stimulation  and  retardation. 
Obviously,  some  reason  must  exist  for  this  apparent  discrepancy  in 
the  results.  First,  however,  we  must  call  attention  to  the  extent  to 
which  our  analytical  data  can  be  trusted.  Many  times,  to  be  sure, 
duplicate  results  agree  very  closely,  but  experience  has  taught  us 
that,  under  the  conditions  of  our  experiments,  the  limit  of  error  is 
about  I  per  cent.  This  means  that  where  50-60  per  cent  of 
proteid  matter  is  digested,  relative  proteolytic  action  may  vary  two 
points  without  having  any  special  significance  (see  Experiments  i,  2, 
9,  18,  20.  and  30).  It  is  plain,  however,  on  carefully  scrutinizing  the 
preceding  data,  keeping  in  mind  what  has  just  been  stated,  that  in 
some  experiments  bile  manifestly  tends  to  produce  slight  inhibition  of 
proteolysis,  while  in  other  experiments,  apparently  under  the  same 
conditions,  increased  proteolysis  results.  ^  It  is  further  manifest  that 
this  difference  in  action  is  to  be  connected  mainly  with  the  character 
of  the  bile  employed.  Thus,  it  is  to  be  noticed  that  increased  pro- 
teolysis is  much  more  common  with  sheep's  and  dog's  bile  than  with 
ox  or  pig's  bile.     Such  differences  in  action  might  indeed  be  expected 
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when  it  is  remembered  how  radically  bile  from  different  species  of 
animals  differs  in  composition.  Still  with  sheep's  bile  stimulation  of 
proteolysis  is  not  constant,  neither  is  inhibition  always  characteristic 
of  pig's  bile ;  but  this  is  not  strange  when  we  recall  how  the  bile  from 
a  given  animal  may  vary  in  composition  with  changes  in  physiological 
conditions.  Further,  as  Experiments  i  and  2  indicate,  a  given  sample 
of  bile  may  when  present  in  one  proportion  retard  proteolysis,  while 
a  larger  percentage  will  accelerate  digestion.  This  suggests  the 
possible  presence  in  bile  of  two  opposing  factors,  one  tending  to 
accelerate,  the  other  tending  to  retard  proteolysis.  Clearly  such 
action  as  is  produced  cannot  be  due  solely  to  the  characteristic  bile- 
salts  which  are  contained  in  such  abundance  in  the  bile. 

Bile  is  usually  considered  an  alkaline-reacting  fluid.  Thus,  Neu- 
meister  ^  states  that  "  the  reaction  of  bile  is  alkaline ;  it  contains 
about  0.2  per  cent  sodium  carbonate  and  about  the  same  amount  of 
alkaline-reacting  sodium  phosphate."  It  is  true  that  fresh  bile 
usually  reacts  alkaline  to  red  litmus  paper,  but  we  have  been  unable 
to  find  any  statements  in  the  literature  justifying  the  assumption  that 
sodium  carbonate  is  present.  Indeed,  some  comparatively  recent 
observations  made  by  Jolles  ^  show  that  the  bile  of  oxen,  dogs,  and 
pigs,  as  well  as  human  bile,  reacts  acid  to  phenolphthalelfn.  This 
obviously  does  not  imply  the  presence  of  free  acid,  although  some 
free  fatty  acids  may  be  present,  such  as  stearic,  palmitic,  and  oleic 
acids.*  Jolles,  indeed,  concludes  from  his  experiments  that  the  fresh 
bile  of  man  and  the  above-mentioned  animals  is  not  an  alkaline  or 
neutral  fluid,  but  possesses  a  weak  acid  reaction.  He  finds,  for 
example,  on  titrating  ox-bile  with  a  decinormal  solution  of  potas- 
sium hydroxide,  using  phenolphthaleYn  as  an  indicator,  that  on  an 
average  i  gram  of  bile  requires  0.546  milligram  KOH  to  neutralize 
the  free  acids  or  acid-salts  present.  It  is  to  be  noted,  likewise, 
that  the  acidity  varies  with  different  samples  of  bile,  the  extremes  in 
ten  experiments  being  0.483  and  0.633.  In  P^gs  bile  the  average 
acidity  was  somewhat  higher,  0.86  milligram  KOH  being  required  to 
neutralize  the  acid  salts  of  i  gram  of  bile.  Further,  the  variations 
in  acidity  were  much  greater,  the  extremes  in  eight  observations  being 
0.56  and  1.56.  In  dog's  bile,  on  the  other  hand,  the  acidity  (in  one 
•experiment)  was  only  0.42.     Human  bile,  however,  was  much  more 

^  Neumeister  :  Lehrbuch  d.  physiol.  Chemie,  zweite  Auflage,  1897,  p.  195. 

<  Jolles,  A. :  Archiv  f.  d.  ges.  Physiol.,  1894,  Ixvii,  p.  i. 

'  Lassar-Cohn:  Zeitschr.  f.  physiol.  Chemie,  1893,  xvii,  p.  607. 
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strongly  acid,  i  gram  of  bile  requiring  on  an  average  2.36  milligrams 
of  KOH   to   neutralize  the  acid   salts.      These  observations,  which 
have  an  important  bearing  upon  the  subject  under  consideration,  we 
are  able  to  confirm   in  a  general  way  through  a  large  number  of 
determinations  made  in  this  laboratory  *  upon  various  kinds  of  bile. 
Only  in  rabbit's  bile  was  there  a  failure  to  detect  a  measurable  amount 
of  acidity.     Cat's  bile,  however,  showed  an  acidity  equal  to  only  0.23. 
Now  it  is  obvious  from  these  statements  that  bile  (excepting  possibly 
rabbit's  bile)  cannot  contain  any  alkali  as  strong  as  sodium  carbonate. 
Such  alkaline  reaction  as  bile  yields  with  red  litmus,  lacmoid,  etc., 
must  be  due  to  the  presence  of  such  salts  as  Na.2HP04,  NaHoP04. 
etc.      We    may    measure   the    amount   of  alkalinity   in    bile,    using 
lacmoid  as  an  indicator,  by  titration  with  a  solution  of  decinormal 
hydrochloric    acid.     Using   this   method,  Mr.    Brown  found    on   an 
average  that   pig's  bile  having  an  acidity  equal   to    0.50  milligram 
NaOH  per  gram  had  an  alkalinity  equal  to   1.05  milligram  HCl  per 
gram.     Sheep's  bile  with  an  average  acidity  of  0.45   possessed  an 
alkalinity  of  0.91.     Ox  bile  with  an  average  acidity  of  0.43  showed  an 
average  alkalinity  of  1.50,  while  rabbit's  bile  flowing  directly  from  the 
liver  through  a  fistula  and  not  coming  in  contact  with  the  gall  bladder 
had    an    alkalinity  of  2.9  without   any   measurable    acidity.     These 
statements  would  seem  to  show  that  the  alkalinity  as  indicated  by 
lacmoid  is  considerably  greater  than  the  acidity  as  indicated  by  phe- 
nolphthalcYn,  but  this  is  not  always  the  case,  for  in  some  of  our  ex- 
periments, to  be  quoted  shortly,  it  will  be  observed  that  the  acidity 
frequently  predominates.     We  would  call  special  attention,  however, 
to  the  observation  made  with  rabbit's  bile,  for  if  it  is  true  that  the  latter 
fluid  invariably  has  a  strong  alkalinity,  the  addition  of  such  a  bile  to 
neutral  pancreatic  juice  would  obviously  accelerate  proteolysis.     If 
Rachford  and  Southgate  used  by  chance  the  bile  of  the  rabbit  in  their 
experiments,  it  might  help  explain  the  great  acceleration  of  digestion 
noticed  by  them  on  addition  of  bile  to  **  neutral  fibrin."     The  point, 
however,  which  we  wish  to  emphasize  is  that  the  bile  of  most  animals 
under  ordinary  conditions  is  not  a  strongly  alkaline  fluid,  that  it  con- 
tains no  such  alkali  as  sodium  carbonate,  but  on  the  other  hand  is 
possessed  of  a  weak  acidity  due  to  the  presence  of  certain  acid  salts, 
such  as  the  phosphates  of  the  alkalies,  together  with  possible  weak 
organic  acids  or  other  organic  compounds.     The  fact  that  the  acid- 
reacting  bile  fails  to  produce  any  effect  on  blue  lacmoid  is  convincing 

1  By  Ernest  W.  Brdwn,  Ph.  B. 


Influence  of  Bile  on  Pancreatic  Proteolysis^  319 


proof  that  the  fluid  does  not  contain  free  organic  acids  of  any  strength. 
On  the  other  hand,  fresh  bile  does  possess  a  certain  degree  of  alka- 
linity to  be  detected  by  litmus  and  lacmoid,  but  due  mainly  at  least 
to  the  presence  of  salts  or  compounds  which  are  either  acid  to 
phenolphthalelfn,  or  which  exist  side  by  side  with  such  compounds. 
Lastly,  we  would  emphasize  the  fact  already  brought  out,  that  the 
so-called  acidity  of  the  bile,  and  likewise  the  so-called  alkalinity, 
have  different  values  in  different  species  of  animals,  and  may  likewise 
vary  in  the  same  species  under  different  conditions  of  diet,  etc. 

The  bearing  of  these  facts  upon  the  problem  before  us  is  sufficiently 
manifest.  The  addition  of  bile  to  a  neutral  pancreatic  fluid  (neutral  to 
litmus)  must  plainly  introduce  a  change  in  the  reaction,  as  measured  by 
either  litmus,  lacmoid,  or  phenolphthaleTn.  Further,  owing  to  the  vari- 
ations in  the  acidity  and  alkalinity,  already  referred  to,  it  is  clear  that 
different  samples  of  bile  will  produce  different  results,  and  when  it  is 
remembered  how  sensitive  the  proteolytic  enzyme  trypsin  is  toward 
changes  of  reaction,  it  is  obvious  that  this  feature  cannot  be  overlooked 
in  considering  the  influence  of  bile  upon  pancreatic  proteolysis. 

Let  us  consider  now  the  character  of  the  bile  used  in  some  of  the 
preceding  experiments  on  proteolysis. 


Degree  of  Acidity^ 

Degree 

of  Alkalinity.^ 

riment  2 

Pig's  bile  .    . 

.    .            0.50 

1.17 

3 

•        • 

0.60 

•    •    • 

7 

Dog's  bile  .    . 

.     .           0.90 

0.54 

8 

.    .           0.76 

0.40 

12 

Sheep's  bile    . 

.    .           0.50 

0.37 

13 

u 

.    .           0.40 

0.91 

14 

« 

.    .           0.60 

0.73 

These  data  show  us  at  once  that  in  introducing  say  lO  per  cent  of 
bile  into  the  digestive  mixtures,  variations  in  reaction  must  necessarily 
ensue.  Contrast,  for  example,  the  bile  used  in  Experiments  2  and  7, 
also  in  12  and  13.  Here  we  have  marked  differences  in  the  ratio  of 
acid  salts  to  alkaline  salts,  but  without  any  appreciable  difference  in  the 
relative  proteolytic  action  of  the  mixtures.  Everything  else  being  equal 
we  should  expect  to  find  increased  proteolysis  most  marked  in  those 
mixtures  where  the  bile  introduced  showed  a  predominance  of  alkaline 
salts,  but  no  such  conclusion  can  be  drawn  from  the  results.     On  the 

^  Expressed  in  milligrams  NaOH  required  to  neutralize  one  gram  bile,  phe- 
nolphthalein  as  indicator. 

^  Expressed  in  milligrams  HCl  required  to  neutralize  one  gram  bile,  lacmoid 
as  indicator. 
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contrary,  it  is  plain  that  such  slight  influence  as  bile  exerts  on  the  pro- 
teolytic action  of  neutral  pancreatic  juice  is  not  connected  primarily 
with  change  of  reaction,  but  must  be  attributed  to  some  other  cause. 
These  points,  however,  will  be  referred  to  again  in  another  connection. 

III.   Influence  of  Fresh  Bile  on  the  Proteolytic  Action 
OF  THE  Pancreatic  Enzyme  in  Alkaline  Solution. 

The  experiments  embraced  under  this  head  were  conducted  in  the 
same  manner  as  those  previously  described,  except  that  to  each  diges- 
tive mixture  was  added  0.125  gram  of  sodium  carbonate.  Hence,^ 
each  mixture  contained  0.25  per  cent  sodium  carbonate,  unless  modi- 
fied by  the  bile  added.     Following  are  the  results  obtained :  — 

Xzperiment  18.     Pig's  bile.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile.         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 


0 

0.3721  gram 

62.79  per  cent 

100.0 

0 

0.3790 

62.10 

98.9 

LO 

0.4440 

55.60 

88.5 

LO 

0.4350 

56.50 

89.9 

2.0 

0.4490 

55.10 

87.7 

2.0 

0.4699 

53.01 

84.4 

5.0 

0.4318 

56.82 

90.4 

5.0 

0.4230 

57.70 

91.8 

10.0 

0.4255 

57.45 

91.4 

10.0 

0.4198 

58.02 

92.4 

Xzperiment  19.    Pig*s  bile.    Alkaline  extract  of  pig's  pancreas. 

Per  cent  of  Bile.         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  cutitm. 


0 

0.3769 

gram 

62.31  per  cent 

100.0 

1.0 

0.3752 

62.48 

100.2 

10.0 

0.3997 

60.03 

963 

15.0 

0.4037 

59.63 

95.6 

25.0 

0.4349 

56.51 

90.6 

50.0 

0.50^8 

49.52 

79.4 

Bzperiment  80.     Pig's  bile.    Alkaline  extract  of  pig's  pancreas. 

/Vr  cent  of  Bile.         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action 


0 

0.1535  gram 

84.65  per  cent 

100.0 

0 

0.1498 

85.02 

100.4 

3.0 

0.2080 

79.20 

93.5 

5.0 

0.2177 

78.23 

92.4 

10.0 

0.2462 

75.38 

89.0 

15.0 

0.2400 

76.00 

89.7 

20.0 

0.2603 

73.97 

87.3 

25.0 

0.2428 

75.72 

89.4 

30.0 

0.2560 

74.40 

87.8 

40.0 

0.2743 

72.57 

85.7 
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Experiment  81.  Pig*s  bile.    Alkaline  extract  of  ox  pancreas.^ 

Per  cent  of  Bile,  Undigested  residue.        Albumin  digested.      Relative  proteolytic  action. 

0  0.0891  gram                   88.41  per  cent                  100  0 

0  0.0832                            89.20                               100.8 

2.0  0.1320                            82.80                                 93.6 

5.0  0.0765                            90  07                               101.8 

15.0  0.0257                             %.66                                109.3 

20.0  0.0262                             96.47                                109.1 

Experiment  22.  Ox  bile.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile.  Undigested  residue.          Fibrin  digested.       Relative  proteolytic  action. 

0  a2482  gram                  75.18  per  cent                 100.0 

1.0  0.2565                             74.35                                  98.8 

2.0  0.2771                             72.29                                 96.1 

3.0  0.2929                             70.71                                  94.0 

4.0  0.2860                             71.40                                  9^.9 

5.0  0.2862                             71.38                                  9t.9 

10.0  03036                             6964                                  92.6 

15.0  0.2827                            7173                                 95.4 


Experiment  28.    Calf's  bile.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile.         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 


0 

0.29%  gram 

70.04  per  cent 

100.0 

1.0 

0.3190 

68.10 

97.2 

20 

03409 

65.91 

94.1 

3.0 

03348 

6652 

94.9 

4.0 

0.3314 

66.86 

95.4 

5.0 

0.3113 

68  87 

98.3 

10.0 

0.2662 

73.38 

1046 

15.0 

0.2750 

72.50 

103.5 

Experiment  94.    Human  bile.^    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile,         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action,. 


0 

0.2960  gram 

70.40  per  cent 

100.0 

0.5 

03080 

69.20 

982 

1.0 

0.3091 

69.09 

98.1 

2.0 

0.3085 

69.15 

982 

3.0 

0.3074 

69.26 

98.3 

5.0 

0.3267 

6733 

95.6 

10.0 

03360 

66.40 

943 

20.0 

0.3980 

60.20 

855 

40.0 

0.4904 

50.96 

72.3 

^  In  this  experiment,  thoroughly  washed  coagulated  egg-albumin  was  employed 
instead  of  blood  fibrin.  Each  mixture  contained  originally  3  grams  of  the  coagu- 
lum  =  0.7707  gram  of  dry  proteid. 

*  Containing  13.3  per  cent  of  solid  matter. 
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Experiment  26.    Dog's  bile.    Alkaline  extract  of  pig's  pancreas. 

Per  cent  of  Bile,        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  actton, 

0                         0.1598  gram                   84.02  per  cent  100.0 

0                         0.1779                            82.21  97.8 

0.5                          0.1855                             81.45  %.9 

1.0                         0.2237                              77.rx5  92.3 

5.0                         0.2041                              79.59  94.7 

10.0                         0.2433                             75.67  90.0 

15.0                         0.2481                              75.19  89.4 

Experiment  26.    Dog's  bile.    Alkaline  extract  of  pig's  pancreas. 

Pi'r  cent  of  Bile,        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 

0                         0.1884  gram                   81.16  per  cent  100.0 

2.0                         0.1513                            84.87  1(H.5 

4.0                         0.1148                             88.52  109.0 

8.0                         0.1470                            85.30  105.1 

15.0                         0.1894                            81.06  99.8 

Experiment  27.    Dog's  bile.    Alkaline  extract  of  pig's  pancreas. 

Per  cent  of  Bile,         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0                         0.3913  gram                   6087  per  cent  100.0 

5.0                         0.3593                            64.07  105.2 

10.0                         0.3622                             63.78  104.6 

Experiment  28.    Dog's  bile.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile,        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 

0                         0.5374  gram                   46.26  per  cent  100.0 

20.0                         0.5267                            47.33  1023 

Experiment  29.    Sheep's  bile.    Alkaline  extract  of  ox  pancreas. 

Fibrin  digested.       Relative  proteolytic  action, 

60.65  percent  100.0 

61.20  100.9 

59.21  97.6 

57.64  95.3 

58.65  96.7 
59.98  98.8 

Experiment  30.    Sheep's  bile.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Bile.         Uftdigested  residue.          Fibrin  digested.       Relative  proteolytic  eution. 


Per  cent  of 

Bile, 

Undigested  residue. 

0 

0.3935  gram 

0.25 

0.3880 

0.5 

0.4079 

2.5 

0.4236 

5.0 

0.4135 

10.0 

0.4002 

0 

0.3284  gram 

67.16  per  cent 

100.0 

0 

0.3330 

66.70 

99.3 

0.25 

0.32<;3 

67.07 

99.8 

0.5 

0.3328 

66.72 

99.3 

1.0 

0.3151 

68.49 

101.9 

2.5 

0.2937 

70.63 

105.1 

5.0 

0.2913 

70.87 

105.5 

10.0 

0.26.35 

73.65 

109.6 

15.0 

0.2419 

75  SI 

112.8 
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On  looking  through  these  results  and  comparing  them  with  those 
of  the  preceding  series,  it  is  apparent  that  the  addition  of  bile  to  an 
alkaline  pancreatic  juice  is  liable  to  produce  a  greater  relative  re- 
tardation of  proteolysis  than  the  addition  of  the  same  amount  to  a 
neutral  pancreatic  fluid.  An  alkaline  pancreatic  juice,  however,  con- 
taining even  40  per  cent  of  bile  will  digest  as  much  proteid  in  a  given 
time  as  the  same  pancreatic  fluid  neutralized  but  without  the  addition 
of  bile.  If  the  control  mixtures  of  the  two  series  are  compared,  it  will 
be  observed  that  the  alkaline  fluids  dissolve  on  an  average  about  10- 
15  per  cent  more  proteid  than  the  neutral  fluids.  This  is  merely  an 
illustration  of  the  well-known  fact  that  a  weak  alkaline  fluid  is  much 
more  favorable  for  pancreatic  proteolysis  than  a  neutral  fluid.  We 
are  inclined  to  attribute  such  retardation  of  proteolysis  as  bile  induces 
when  added  to  an  alkaline  pancreatic  fluid  in  great  part  to  the  reduc- 
tion of  alkalinity  Uable  to  occur.  We  say  liable  because  this  will 
depend  primarily  upon  the  relative  proportion  of  acid  and  alkaline 
salts  in  the  bile.  When  the  latter  contains  a  relatively  large  propor- 
tion of  acid  salts,  as  indicated  by  phenolphthalein,  the  addition  of 
large  percentages  of  such  a  bile  will  rapidly  diminish  the  amount  of 
sodium  carbonate  present,  since  the  latter  will  be  more  or  less  used 
up  in  transforming  the  acid  compounds  into  neutral  ones.  This  is 
well  illustrated  in  Experiment  20,  wherein  actual  examination  showed 
that  at  the  conclusion  of  the  digestion  all  the  mixtures  containing 
more  than  15  per  cent  of  bile  had  lost  entirely  their  alkaline  reaction 
toward  litmus.  In  other  words,  the  acid-reacting  compounds  contained 
in  10  grams  of  this  bile  were  sufficient  to  neutralize  the  0.125  gram 
of  sodium  carbonate  originally  present  in  the  mixture.  In  harmony 
with  this  fact  it  is  to  be  noted  throughout  these  latter  experiments 
that  retardation  is  most  marked  in  the  presence  of  those  biles  which 
have  been  shown  to  have  as  a  rule  the  highest  acidity,  viz.,  pig*s 
bile  and  human  bile.  With  dog's  bile,  on  the  other  hand,  in  which 
acidity  is  usually  very  slight,  no  retardation  whatever  was  observed ;  all 
three  experiments  gave  evidence  of  some  slight  stimulation  of  proteoly- 
sis. The  occasional  stimulation  noticed  with  sheep's  bile  and  pig's  bile 
we  attribute  in  part  to  the  lower  acidity  of  the  samples  used.  Leaving 
these  points  out  of  consideration,  however,  and  turning  our  attention 
to  the  collected  data,  it  is  plain  that  the  addition  of  even  40  or  50  per 
cent  of  bile  to  an  alkaline  pancreatic  fluid  does  not  greatly  retard  the 
proteolytic  action  of  the  enzyme  (see  Experiments  19,  21,  and  24), 
certainly  no  more  than  would  result  from  neutralization  of  the  alka- 
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linity.  By  this  we  do  not  mean  that  the  specific  bile  salts  are 
without  influence  on  pancreatic  proteolysis,  but  merely  that  the 
changes  in  reaction  resulting  from  addition  of  normal  bile  are  in 
themselves  sufficient  to  account  for  the  retardation  noticed.  Simi- 
larly, such  stimulation  of  proteolysis  as  results  may  be  due  as  much 
to  a  more  favorable  change  in  the  reaction  of  the  mixture  as  to  any 
other  cause. 

IV.  Influence  of  Bile  Salts  on  the  Proteolytic  Action 
OF  THE  Pancreatic  Enzyme  in  Neutral  and  Alkaline 
Solution. 

In  considering  the  action  of  the  salts  ox  the  bile  acids  on  pancreatic 
proteolysis  it  is  to  be  remembered  that  in  ox  bile  both  glycocholate 
and  taurocholate  of  sodium  are  present,  although  the  proportion  of  the 
two  acids  is  subject  to  considerable  variation.  In  most  cases,  when 
ox  bile  is  acidified,  the  proportion  of  taurocholic  acid  present  is  suffi- 
cient to  hold  the  less  soluble  glycocholic  acid  in  solution,  but  in  some 
cases  the  latter  predominates  to  such  an  extent  that  it  will  crystallize 
out  under  the  above  conditions.  Thus  Marshall  ^  found  as  the  result 
of  an  examination  of  543  samples  of  bile  from  as  many  oxen  that  a 
separation  of  glycocholic  acid  could  be  obtained  in  only  121  cases, 
I.  ^.,  in  22.2  per  cent.  This  fact  is  worthy  of  note  in  the  present  con- 
nection as  illustrating  not  only  the  variable  composition  of  bile  from 
a  given  species,  but  also  as  an  indication  of  the  variability  of  com- 
position to  be  expected  in  the  preparation  of  "  crystallized  bile."  * 
Further,  in  pig's  bile  we  have  to  do  mainly  with  the  sodium  salts  of  two 
special  forms  of  glycocholic  acid  known  as  a-  and  ^8-  hyo-glycocholic 
acid.^  In  the  preparation  of  crystallized  bile,  /.  e.,  the  sodium  salts 
of  the  above  acids,  the  ordinary  methods  of  procedure  were  followed, 
and  need  not  be  detailed  here. 

Following  are  the  results  obtained  in  studying  the  influence  of 
these  preparations  on  pancreatic  proteolysis  under  the  conditions 
specified. 

*  Marshall,  J.  :  Zeitschr.  f.  physiol.  Chemie,  1887,  ii.  p.  233. 

2  For  the  variation  in  the  proportion  of  glycocholate  and  taurocholate  present  in 
human  bile  see  the  results  reported  by  Hammarsten :  Zur  Kenntniss  der  Lebergalle 
des  Menschen.  Mit^etheilt  der  konigl.  Gesellsch.  d.  Wissenschaften  zu  Upsala, 
15  Juni,  1893.      Separatabzug. 

«  JoLiN,  S.:  Zeitschr.  f.  physiol.  Chemie,  1888,  xii,  p.  512,  and  xiii,  p.  205. 
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Experiment  81.    Crystallized  ox-bile  salts.  Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile  salts.       Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0                             0.2933  gram  70.67  per  cent              100.0 

0                            0.2707  72.93                            103.1 

1.0                            0.2819  71.81                            101.6 

2.0                            0.2579  74.21                            105.0 

3.0                             0.3144  68.56                              97.0 

5.0                            03790  62.10                             87.8 

Experiment  32.    Crystallized  ox-bile  salts.  Neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile  salts.        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 

0                            0.3866  gi-am  61.34  per  cent             100.0 

0.25                           0.4481  55.19                              89.9 

100                          0.4675  53.25                              86.8 

2.00                           0.4651  53.49                              87.2 

300                          0.4528  54.72                              89.2 

5.00                          0.4360  56.40                             91.9 

Experiment  88.    Crystallized  ox-bile  salts.  Alkaline '  extract  of  ox  pancreas. 

Per  cent  of  Bile  silts.        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  cution. 

0                            0.4940  gram  5060  per  cent              100.0 

0                            0.4970  50.30                             99.4 

1.0                            0.4729  52.71                            104.1 

2.0                            0.4465  55.35                            109.3 

3.0                            0.4722  52.78                            104.3 

Experiment  84.     Pure  crystallized  sodium  glycocholate.    Alkaline  extract  of  ox  pancreas. 

Per  cent  of  Glycocholate.      Undigested  residue.      Fibrin  digested.      Relative  proteolytic  action, 

0                             0.5374  gram  46.20  per  cent              100.0 

0                            0.5277  47.23                            102.2 

1.0                            0.5459  45.41                              98.3 

2.0                            0.5573  44.27                              95.8 

3.0                            0.5987  40.13                             868 

Experiment  85.    Bile  salts  from  pig's  bile.  Neutral  extract  of  pig*s  pancreas. 

Per  cent  of  Bile  salts.        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action, 

0                             0.5781  gram  4219  per  cent              100.0 

0.5                            a6197  38.03                             90.1 

1.0                            06427  35  73                              846 

2.0                             0.6894  31.06                              73.6 

3.0                            0.7105  28.95                              68.6 

Experiment  86.    Bile  salts  from  pig's  bile.  Alkaline  extract  of  pig's  pancreas. 

Per  cent  of  Bile  salts.        Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 


0 

0.4935 

gram 

50  65  per  cent 

100.0 

0.5 

0.4989 

5011 

98.9 

1.0 

0.4750 

52.50 

103.6 

2.0 

0.4709 

52.91 

104.4 

3.0 

0.5383 

46.17 

91.1 

Each  mixture  containing  0.25  per  cent  sodium  carbonate. 
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The  contrast  between  the  results  obtained  in  the  two  preceding 
experiments  led  to  our  testing  the  reaction  of  the  bile  salts  prepared 
from  pig  s  bile,  and  it  was  found  that  they  were  quite  strongly  acid  to 
litmus.  It  is  thus  evident  that  the  marked  inhibition  of  proteolysis 
observed  in  Experiment  35  was  due,  in  part  at  least,  to  the  increasing 
acidity  of  the  mixtures.  In  Experiment  36,  on  the  other  hand,  the 
0.125  gram  of  sodium  carbonate  present  overcame  this  acidity  except 
in  the  mixture  containing  3.0  per  cent  of  the  bile  salts. 

Experiment  87.  Bile  salts  from  pig's  bile.  Alkaline  extract  of  pig's  pancreas.  These 
bile  salts  were  exceedingly  add,  hence  0.25  gram  NajCOs  was  added  to  each  mixture, 
thus  making  the  amount  of  this  salt  0.5  per  cent  in  the  control.  In  the  presence  of  3.0 
per  cent  of  the  bile  salts,  however,  the  alkalinity  was  reduced  to  one-fifth. 

Per  cent  0/ Bile  salts.  Undigested  residue.  Filn'in  dif^ested.       Relative  proteolytic  action, 
0                             0.1752  gram  82.48  per  cent  1000 

0.5  0.2(H5  79.55  %4 

1.0  0.2142  7858  95.2 

2.0  0.2282  77.18  93.5 

3.0  0.3281  67.19  81.4 

Experiment  88.  Bile  salts  from  pig's  bile,  made  neutral  before  addition.  Alkaline  extract 
of  pig's  pancreas.    Each  mixture  containing  0.25  per  cent  Na^CO^  as  usual. 

Per  cent  of  Bile  salts.       Undigested  residue.      Fibrin  digested.  Relative  proteolytic  action. 

0  0.1846  gram  81.54  per  cent  100.0 

0.5  0.2249  77.51  95.0 

1.0  02207  77.93  95.5 

2.0  02222  7778  953 

3.0  0.2324  7676  94.1 

5.0  0.2543  74.57  91.4 


Character  of  the  Fluid.  Undigested  residue.     Fibrin  digested. 


Experiment  89.    Bile  salts  from  pig's  bile,  made  neutral  before  addition.    Extract  of  ox 

pancreas. 

Relative 
proteolytic  action, 

0  5499  gram  45.01  per  cent  100.0 

06467  3533  78.4 

0.6966  3034  67.4 

0.7701  22.99  51.0 


Neutral  +  0  Bile  salts 
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+  1.0 
+  3.0  /, 

+  5.0% 
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0.2748 
0.3992 
0.5238 
0.6750 


72.52 
60.08 
47.62 
32.50 


1611 

133.4 

105.7 

72.2 


A  critical  examination  of  the  foregoing  results  shows  us  first  that 
the  bile  salts  from  ox  bile  have  no  very  great  influence  in  either 
direction  upon  pancreatic  proteolysis.     In  two  experiments  (31   and 
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33)  there  is  some  evidence  of  acceleration,  while  in  one  experiment 
retardation  is  more  noticeable.  With  pure  sodium  glycocholate 
(3  per  cent)  relative  proteolytic  action  is  reduced  from  100  to  87.  In 
Experiment  47,  to  be  quoted  later,  stimulation  of  proteolysis  is  quite 
marked.  In  considering  these  results,  however,  in  their  bearing  on  the 
influence  of  fresh  bile,  it  is  to  be  remembered  that  3-5  per  cent  of 
these  bile  salts  are  equivalent  to  the  addition  of  40-50  per  cent  of  the 
original  bile.  With  regard  to  the  apparent  difference  in  action  of  the 
several  samples  of  ox  bile  salts  we  are  inclined  to  attribute  this  to 
variations  in  the  proportion  of  glycocholate  and  taurocholate  present. 
Pure  glycocholate,  other  influences  excluded,  seems  to  have  a  greater 
inhibitory  action  than  the  mixed  salts,  and  possibly  the  more  pro- 
nounced retardation  seemingly  characteristic  of  the  salts  from  pig's 
bile  is  due  to  the  fact  that  the  salts  are  mainly  glycocholates.  Still  it 
is  to  be  observed  that  the  samples  of  salts  from  pig's  bile  vary  con- 
siderably in  the  intensity  of  their  action,  and  this  independently  of 
their  acidity,  for  when  the  latter  is  neutralized  the  same  retarding 
effect  is  still  produced.  Somewhat  noticeable  also  is  the  difference  in 
intensity  of  action  of  the  neutralized  bile  salts  (from  pigs  bile)  when 
added  to  the  pancreatic  juice  of  the  same  species  as  contrasted  with 
the  result  obtained  when  the  salts  are  added  to  the  pancreatic  extract 
from  another  species  (contrast  Experiments  38  and  39).  The  results 
collectively  certainly  warrant  the  conclusion  that  the  isolated  bile  salts 
taken  by  themselves  do  not  exert  any  very  marked  stimulation  of 
pancreatic  proteolysis.  They  may,  on  the  other  hand,  give  rise  to 
some  retardation,  —  an  effect  which  is  seemingly  more  characteristic 
of  the  salts  from  pig's  bile  than  of  those  common  to  ox  bile.  It  is  to 
be  noted,  however,  that  the  salts  from  pig's  bile  were  not  so  pure 
chemically  as  the  crystallized  salts  separated  from  ox  bile,  but  fre- 
quently showed  an  acid  reaction. 

The  above  somewhat  unsatisfactory  results  have  served  to  strengthen 
our  conviction  that  such  limited  action  as  normal  bile  exerts  on  pan- 
creatic proteolysis  is  the  result  mainly  of  influence  on  the  reaction  of 
the  digestive  mixture,  and  that  many  agencies  other  than  the  specific 
bile  salts  are  concerned.  No  doubt,  some  of  these  are  more  or  less 
antagonistic  to  each  other.  Thus,  pig's  bile,  as  has  been  frequently 
stated  by  many  observers,  is  liable  to  be  extremely  viscid,  but  the  vis- 
cidity is  not  always  conspicuous ;  at  times  the  bile  is  quite  limpid. 
This  viscidity  is  due,  in  great  part  at  least,  to  a  mucin  or  nucleoal- 
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bumin,  precipitabic  by  alcohol,  and  we  have  found  that  when  this 
substance  is  removed  from  the  bile  there  is  a  noticeable  difference  in 
the  influence  of  the  fluid  on  proteolysis.  We  may  cite  the  following 
experiment : 

Fresh  pig's  bile,  very  viscid,  having  a  specific  gravity  of  1036,  an  acidity  of  0.58,  and 
an  alkalinity  of  1.15,  was  treated  with  five  volumes  of  strong  alcohol,  the  precipitate  filtered 
off,  and  washed  with  alcohol.  The  united  filtrate  and  washings  were  then  evaporated  for 
the  removal  of  the  alcohol,  and  the  fiuid  made  up  with  distilled  water  to  the  original 
volume.  The  acidity  was  now  0.48,  and  the  alkalinity  0.*X).  The  action  of  a  portion  of 
the  original  fresh  bile  and  of  the  bile  freed  from  nucleoalbumin,  etc.,  on  proteolysis  was 
then  tested. 

Experiment  40.     With  fresh  pig*s  bile.    Neutral  extract  of  ox  pancreas. 

/Vr  cent  of  Bile.         Undigested  residue.  Fibrin  digested.       Relative  proteolytic  action. 

0  0.5777  gram  42.23  per  cent  100.0 

0.25  0.6088  39.12  92.6 

0.50  0.6241  37.59  89.0 

1.00  0.7000  30.00  71.0 

2.50  0.7118  28.82  68.2 

5.00  0.6496  35.04  82.9 

laOO  0.7235  27.65  65.4 

Experiment  41.     With  bile  freed  from  nucleoalbumin.    Neutral  extract  of  ox  pancreas. 
Per  cent  of  Bile.         Undigested  residue.  Fibrin  digested,       ReUUive  proteolytic  action. 


0 

0.6446  gram 

35.54  per  cent 

100.0 

0.25 

0.6556 

34.44 

969 

0.50 

0.6651 

33.49 

94.2 

1.00 

0.7007 

29.93 

84.2 

2.50 

0.7351 

26.49 

74.5 

5.00 

0.7217 

27.83 

783 

10.00 

0.6598 

34.02 

95.7 

It  is  noticeable  from  these  two  experiments  that  the  removal  of  the 
nucleoalbumin,  with  possibly  some  of  the  inorganic  salts  from  pig's 
bile,  diminishes  in  a  general  way  the  retarding  effect  of  the  latter  on 
proteolysis.  Somewhat  noticeable  also  is  the  peculiar  relationship  in 
the  rise  and  fall  of  proteolysis  under  the  influence  of  different  per- 
centages of  the  two  samples. 

With  ox  bile  an  attempt  was  made  to  separate  the  fluid  into  three 
distinct  fractions,  using  methods  which  would  presumably  cause  little 
or  no  change  in  the  nature  or  composition  of  the  various  constituents. 
For  this  purpose  440  c.c.  of  fresh  ox  bile,  containing  12.4  per  cent  of 
solid  matter,  were  evaporated  to  a  very  thick  syrup  on  the  water-bath 
and  precipitated  with  absolute  alcohol.     The  small  precipitate  which 
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resulted  was  filtered  off.  washed  thoroughly  with  alcohol,  and  then 
dried  over  sulphuric  acid.  It  weighed  2.27  grams.  The  alcoholic 
filtrate  was  treated  with  a  large  volume  of  ether,  the  precipitated  bile 
salts  filtered  off,  washed  thoroughly  with  ether,  and  dried.  The  alcohol- 
ether  filtrate  was  allowed  to  evaporate,  and  finally  brought  to  com- 
plete dryness  on  the  water-bath.  The  effect  of  these  three  fractions 
on  pancreatic  proteolysis  was  then  determined  in  the  usual  manner. 
The  bile  salts  and  the  residue  from  the  alcohol-ether  filtrate  were 
readily  soluble  in  water,  but  the  alcoholic  precipitate  was  not  com- 
pletely soluble.     Following  are  the  results  obtained :  — 


Experiment  42.     With  a  neutral  extract  of  ox  pancreas. 

Per  cent  of  Bile  Constituents. 

0 

0.5  Bile  salts      .    .    . 


Undige.Udr.sidu,.     FiMn  digesUd.     j,,J^';^Z,ion. 


<t 


1.0 

1.5 

0.25  Alcoholic  p.p. 

0.5 

1.0 

0  5  Alcohol-ether  filtrate 

10 

1.5 


(( 


(( 


t« 


(I 


tt 


u 


(I 
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0.4217  gram 

57.83  per  cent 

100.0 

0.4533 

54.67 

94.5 

0.4452 

55.48 

95.9 

0.4415 

55.85 

96.5 

03862 

6138 

106.1 

0.37(H 

62.96 

108.8 

0.4059 

59.41 

102.7 

0.4147 

58.53 

101.2 

0.4032 

59.68 

103.2 

0.3759 

62.41 

107.9 

Xxperiment  48.     A  duplicate  of  the  preceding,  except  that  an  alkaline  (0.25  per  cent 
Na^COs)  extract  of  ox  pancreas  was  employed. 

Per  cento/ Bile  Constituents. 


0    .     .     . 
0.5  Bile  salts 
1.0 
1.5 

0.25  Alcoholic  p.p. 
0.5 
1.0 

0.5  Alcohol-ether  filtrate 
1.0 
1.5 


Undigested  residue.     Fibrin  digested.     ^    ,^f'J'^', 
*  *  proteolytic  action. 
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tt 


0.1886  gram 

0.2847 

0.2883 

0.2655 

0.2388 

0.2345 

0.2370 

02473 

0.2929 

0.2689 


81.14  per  cent       1000 

71.53  88.1 

71.17  87.7 

73.45  90  5 

76.12  93  8 

76.55  943 

7630  <H.O 

75.27  92  7 

70.71  87.1 

73.11  901 


From  the  first  of  these  two  experiments,  where  a  neutral  pancreatic 
fluid  was  employed,  it  is  seen  that  the  fraction  containing  the  bile 
salts  produces  a  slight  inhibition  of  proteolysis,  while  the  other  two 
fractions  increase  the  proteolytic  action  of  the  enzyme.  Also  notice- 
able is  the  tendency  of  the  material  from  the  alcohol-ether  filtrate  to 
increase  proteolysis  in  proportion  to  the  amount  added,  while  the 
favorable  action  of  the  alcoholic  precipitate  appears  to  diminish  with 
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increase  in  the  proportion  used.  That  these  peculiarities  of  action, 
however,  arc  not  due  to  any  direct  influence  upon  the  proteolytic 
enzyme  is  evident  from  the  fact  that  in  the  second  experiment  where 
the  reaction  of  the  digestive  mixtures  is  alkaline  these  differences  disaf>- 
pear.  The  bile  salts  still  produce  inhibition,  but  the  other  two  frac- 
tions no  longer  give  rise  to  increased  proteolysis ;  on  the  contrary, 
they  tend  to  check  the  rate  of  proteolysis.  It  is  thus  clearly  evident 
that  in  bile  there  are  present  various  elements  capable  under  different 
conditions  of  producing  divergent  effects,  in  minor  degree,  upon  pan- 
creatic proteolysis  —  effects  which  may  counterbalance  each  other  to 
some  extent. 

V.    LVFLUENCE  OF   BiLE  AND   BiLE   SALTS    ON    THE    PROTEOLYTIC 
ACTIOxV     OF     THE     PANCREATIC     EnZYME    IN     THE     PRESENCE 

OF  Free  and  Combined  Acids. 

It  has  been  generally  accepted,  on  the  basis  of  what  has  seemed  suffi- 
cient experimental  evidence,  that  the  proteolytic  enzyme  of  the  pan- 
creas is  practically  inactive  in  the  presence  of  free  hydrochloric  acid.^ 
'Even  free  organic  acids  inhibit  almost  completely  the  action  of  the 
enzyme.  Further,  the  presence  of  combined  acid,  i. «.,  combined  with 
proteid  matter,  checks  to  a  greater  or  less  degree  the  activity  of  the 
digestive  fluid.  Rachford  and  Southgate,  however,  state :  **  in  our  ex- 
periment we  have  found  that  the  proteolytic  action  of  pancreatic  juice 
on  fibrin  is  quite  as  strong  in  a  one- thirtieth  per  cent  hydrochloric-acid 
solution  as  it  is  in  a  neutral  solution.  If  there  is  any  difference,  in  fact, 
it  is  in  favor  of  the  hydrochloric-acid  solution.**  The  statement  is 
positive,  but  we  cannot  find  in  their  paper  any  conclusive  evidence  as 
to  the  actual  degree  of  acidity.  Thus,  to  quote  one  of  their  experi- 
ments, lO  minims  of  pure  pancreatic  juice,  50  minims  of  water,  and 
30  minims  of  o.i  per  cent  hydrochloric  acid  were  mixed  together;  — 
but  how  much  of  this  acid  was  used  in  neutralizing  the  alkalinity  of 
the  pancreatic  juice,  and  how  much  was  combined  with  the  proteids 
of  the  secretion?  Nowhere  in  their  paper  can  we  find  any  evidence 
of  discrimination  between  free  and  combined  acid,  or  any  attempt  to 
determine  the  actual  percentage  of  either  free  or  combined  acid 
really  present.  The  question  is  one  of  considerable  physiological 
importance,  and  if  it  is  true  that  the  pancreatic  juice  acting  in  an 

^  Chittenden  and  Cummins  :  Studies  in  physiol.  chemistry.  Yale  Univer. 
1885,  vol.  i,  p.  135.  This  paper  contains  full  references  to  other  work  in  this 
direction. 
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acid  solution  will  do  more  work  than  in  a  neutral  solution,  it  should 
be  clearly  established.  We  have,  therefore,  first  turned  our  attention 
to  this  point 

Experiment  44.  With  neutral  extracts  of  ox  pancreas  and  pig's  pancreas  (neutral  to 
litmus). 

10  c.c.  of  the  extract  of  pig's  pancreas  required  4.95  c.c.  0.2  per  cent  HCl  to  com- 
bine with  all  the  proteid  matter  present.^ 

10  c.c.  of  the  extract  of  ox  pancreas  required  2.55  c.c.  0.2  per  cent  HCl  to  combine 
with  the  proteids. 

In  the  digestions  with  pig's  pancreatic  fluid  each  mixture  contained  10  c.c.  of  the 
extract,  while  with  the  pancreatic  fluid  from  the  ox  pancreas  30  c.c.  of  extract  were 
used  in  each  case.  Acid  was  then  added  to  the  mixtures  as  specifled,  the  percent- 
ages being  calculated  on  the  total  volume  (50  c.c )  of  the  digestive  mixtures.     In  no 

case  was  any  free  acid  present. 

Relative 
Ox  pancreatic  juice.  Undigested  residue.     Fibrin  digested,       proteolytic 

action. 

Neutral 

Proteids  combined  with  HCl  — 

Quarter  saturated  (0.007%  HCl)  . 

Half  "  (0.015%     "    )  . 

Wholly  "  (0.03%      "    )  . 

Piffs  pancreatic  juice. 

Neutral 

Proteids  combined  with  HCl  — 

One-sixth  saturated  (0.0016%  HCl), 

Quarter           '*          (0.0025%  "     ), 

Half                "          (0.00*9%  "     ), 

Wholly           "          (0.0099%  "     ), 


0.3279  gram 

67.211  per  cent 

1000 

0.3782 

62.18 

92.5 

0.4995 

50.05 

74.4 

0.8710 

12.90 

19.1 

0.(H35 


95.65 


100.0 


0.0469 

95.31 

99.6 

0.0550 

94.50 

98.7 

00826 

9174 

95.9 

0.2239 

77.61 

81.1 

Experiment  45.     10  c.c.  of  the  extract  of  ox  pancreas  required  43  c.c.  0.2  per  cent  HCl  to 
combine  with  the  proteids. 

10  c.c.  of  the  extract  of  pig's  pancreas  required  4.6  c.c.  0.2  per  cent  HCl  to  combine 
with  the  proteids. 

In  the  digestions,  10  c.c.  of  the  extract  of  pig's  pancreas,  and  30  c.c.  of  the  extract  of 
ox  pancreas  were  employed. 


Ox  pancreatic  juice. 


Neutral 

Proteids  combined  with  acid  — 

One-eighth  saturated  (0006%  HCl 
One-sixth  "  (0  008%    " 

One-fourth        "  (0.012%    " 

One-half  "  (0.025  % 

Wholly  "  (0.05% 


Undigested  residue.     Fibrin  digested. 
0.38%  gram  61.04  per  cent 


It 


0.3951 
0.4798 
0.5030 
0.6509 
0.9327 


60.49 
52.02 
49.70 
34.91 
6.73 


Relative 

proteolytic 

action. 

100.0 

990 

85.2 
81.4 
57.1 
110 


^  Tropaeolin  oo  in  methyl  alcohol  was  used  as  the  indicator  for  free  acid. 
Obviously,  in  conducting  the  titrations,  deduction  was  made  for  the  excess  of  acid 
required  to  bring  out  the  color. 
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Pi^s  pancreatic  juice. 

Neutral 

Proteids  combined  with  acid  — 

One-sixth    saturated  (0.003%  IICl), 

(0.0(H%    "     ), 


One-fourth 

One-half 

Wholly 


II 


(I 


(0.009% 
(0.018% 


II 


II 


Undigested  residue. 
0.1966  gram. 

0.2110 

0.2654 
).  0.3281 

).  0..S564 


Relative 
Fihrin  digested,     proteolytic 

actioti. 

80-34  per  cent.  100.0 


78.90 
73.46 
67.19 
44.36 


98.2 
91.4 
83.6 

55.2 


Experiment  46.    With  extract  of  ox  pancreas.    25  c.c.  of  the  neutral  extract  required  19.7 

c.c.  0.4  per  cent  salicylic  acid  to  combine  with  the  proteids  present. 

Hehtive 
Character  of  the  fluid.  Undigested  residue.      Fihrin  digested,      proteolytic 

action. 

Neutral 0.4658  eram  53.42  per  cent    100.0 

51.06  95.5 


•• 


Proteids  combined  with  acid  — 

Completely  saturated  (0.157%  acid), 


II 


Half 
I* 


II 
i< 
II 


II 


(0.078%  acid), 


II 


0.4658  gram 
0.4894 

0.9860 
0.9874 
0.8443 
0.8375 


1.40 

1.26 

15.57 

16.25 


2.6 

2.3 

29.1 

30.4 


In  considering  the  results  of  the  three  preceding  experiments  it  is 
to  be  remembered  that  in  no  one  of  the  digestive  mixtures  was  there 
diViy  free  acid  present,  hence  such  effects  as  are  produced  come  solely 
from  the  influence  of  the  combined  acid.  Of  the  latter,  even  a  few 
thousandths  of  one  per  cent  suffice  to  exert  an  inhibitory  influence 
on  proteolysis,  and  with  a  sufficient  amount  of  combined  acid  alone, 
even  with  a  weak  organic  acid,  proteolysis  may  be  almost  completely 
checked.  We  fail  to  see  therefore  how  the  addition  of  acid  to  a  netttrat 
pancreatic  juice  can  increase  the  digestive  power  of  the  solution. 

What  now  is  the  influence  of  bile  and  bile  salts  on  pancreatic  pro- 
teolysis in  the  presence  of  combined  acid?  The  answer  to  this 
question  is  found  in  the  results  of  the  following  experiments. 

Xxpeiiment  47.     With  extract  ox  pancreas.    Ox-bile  salts. 

Relative 
Character  of  the  fluid.  Undigested  residue.       Fibrin  digested,   proteolytic 

action. 

Neutral 0.5291  gram        4709  per  cent      1000 

-f  2%  Bile  salts 0.5183  48.17  1023 

-f  4%         "  0.4818  51.82  110.0 

Proteids  combined  with  acid- 
Eighth  saturated    "       (0005%  HCl)  .  0.5860  41.40  87.9 

"    -f  2%  Bile  salts  .  05589  44.11  93.6 

Quarter        "         **        (0.01%  HCl)  .  0.6330  36.70  77.8 

**  "    +2%  Bile  salts  .  06359  36.41  773 

•*    +  4%        **  .  0.6230  37.70  80.a 
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Experiment  48.     With  extract  of  pig's  pancreas.    Bile  salts  from  pig*s  bile. 

Relative 
Fibrin  digested,  proteolytic 


Character  of  the  fluid. 


Neutral 

Proteids  combined  with  HCl  — 

Half  saturated        "      (0.013%  HCl)    . 

-f-  0.5  %  Bile  salts, 
+  1.0% 
+  2.0% 
+  3.0% 


Undigested  residue, 
0.1755  gram 


«« 


<< 


« 


<t 


<« 


4( 


«« 


(( 


(I 


«( 


« 


U 


<« 


t« 


»« 


0.2337 
0.4433 
0.4039 
0.4958 
0.4992 


82.45  per  cent 

76.63 
55.67 
59.61 
50.42 
50.08 


action. 
1000 

92.9 
67.5 
72.2 
61.1 
60.7 


Experiment  49.    With  extract  of  pig's  pancreas.    Bile  salts 
somewhat  acid  in  reaction.     Salicylic  acid  used  to  combine 


Character  of  the  fluid. 


Undigested  residue. 


Neutral 

+  3%  BUe  salts    .    . 
Proteids  combined  with  acid  — 


Wholly  saturated 


<t 


Half 
Quarter 


<( 


« 


it 


u 


u 


(0.064%)  .  . 
+  3%  Bile  salts. 

(0.032%)  .  . 
4-3%  Bile  salts. 

(0.016%)  .  . 
4-3%  Bile  salts. 


0J041  gram 
0.5338 

0.5795 
0.7608 
a4296 
0.6773 
0.3608 
0.5591 


from  pig's  bile.    The  salts 
with  the  proteids. 

Relative 
Fibrin  digested,   proteolytic 

action. 

69.59  per  cent      100.0 

46.62  66.9 


42.05 
23.92 

Sim 

32.27 
63.92 
44.09 


60.4 
343 
81.9 
46.3 
91.8 
63.3 


Experiment  60.     With  extract  of  pig's  pancreas.     Bile  salts  from  pig's  bile  made  perfectly 
neutral.     Salicylic  acid  used  to  combine  with  the  proteids. 


Character  of  the  fluid. 


Undigested  residue. 


Neutral 02132  gram 

Proteids  combined  with  acid  — 

Half  saturated       "      (0.053%  acid) 

+  0.5%  Bile  salts 

4-  1.0% 

4-  2.0% 

4-  3.0% 


<i 


« 


<( 


« 


(4 


(I 


« 


«( 


<t 


« 


U 


«t 


H 


l( 


l< 


0.6038 
0.7659 
0.8120 
0.8319 
0.8900 


Relative 
Fibrin  digested,   proteolytic 

action. 

78.68  per  cent 


39.62 
23.41 
18.80 
16.81 
11.00 


1000 

50.3 
29.7 
22.6 
21.3 
13  9 


Experiment  51.     With  extract  of  ox  pancreas.    Fresh  pig's  bile.    Salicylic  add  used  to 
combine  with  the  proteids. 


Character  of  the  fluid. 


Undigested  residue. 


Neutral 0.4125  gram 

Proteids  combined  with  add  — 


Half  saturated 


«« 

u 


it 


tt 


41 


4< 


44 
<4 
44 
44 

tt 
ti 


(0.038%  acid) 
4-   0.5%  Bile 
4-    1.0% 
4-5.0% 
4-10.0% 
4-  200% 


<( 


it 


it 


a 


0.7111 
a7242 
0.7283 
0.7662 
0.7854 
0.7819 


Relatitfc 
Fibrin  digested,    proteolytic 

action. 

58.75  per  cent     1000 


28.89 
27.58 
27.17 
ZV38 
21.46 
21.81 


49.1 
469 
46.2 
39.7 
36.5 
37.1 
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Xxparimant  68.    Neutral  extract  of  ox  pancreas.    Fresh  ox  bile. 

In  this  experiment  the  proteids  of  the  pancreatic  extract  were  not  treated  with  acid, 
but  sufficient  acid  was  added  to  the  fibrin  to  saturate  it,  or  half  saturate  it  (as  tested 
by  tropaeolin  oo),  prior  to  addition  of  the  pancreatic  extract. 

ReicUitfe 
Conditions.  Undigested  residue.     Fibrin  digested,    proteolyiic 

action. 

Neutral  Fibrin 03643  gram  63.57  per  cent  1000 

Fibrin  saturated  with  acid  (5  C.C.  0.2%  HCl),  0.5755  42.45  68J 

"      +  10%  Bile  .    .    .  0.5490  45.10  70.9 

•'    half    "           «      (2.5  c.c.  0.2%  HCl),  0.4690  5310  83i 

"      "       "           "      -f-  5%  Bile    .    .    .  0.4980  50.20  7a9 

In  only  one  of  these  experiments  (Experiment  47)  do  we  see  any 
distinct  suggestion  of  aid  to  pancreatic  proteolysis  when  bile  or  bile 
salts  arc  added  to  a  pancreatic  extract  containing  combined  acid. 
Combined  acid  alone  tends  to  retard  proteolysis,  and  the  addition  of 
bile  to  such  mixtures  as  a  rule  increases  still  further  the  extent  of 
retardation.  Our  results  afford  no  confirmation  whatever  of  the  view 
that  bile  greatly  aids  pancreatic  juice  in  its  proteolytic  action  on  acid 
fibrin.  Neither  are  we  inclined  to  believe  "  that  pancreatic  juice, 
plus  bile,  plus  hydrochloric  acid,  can  accomplish  more  work  in  pro- 
teolysis than  can  any  other  known  pancreatic  mixture."  ^  If  such 
were  the  case  we  fail  to  see  why  some  evidence  of  such  favorable 
action  should  not  appear  in  our  results.  The  inhibitory  action  of 
acids  alone,  and  cf  acids  and  bile  combined,  on  pancreatic  pro- 
teolysis is  not  in  our  judgment  to  be  looked  upon  as  unfavorable  to 
the  normal  digestive  processes  of  the  small  intestine.  What  right 
have  we  to  assume  that  the  conditions  existent  in  the  normal  duo- 
denum are  such  as  to  require  pancreatic  proteolysis  to  take  place  in 
the  presence  of  acid,  either  free  or  combined?  The  combined  or 
free  acid  which  passes  from  the  stomach  through  the  pylorus  is  with- 
out doubt  quickly  removed  by  absorption  or  destroyed  by  neu- 
tralization. The  evidence  is  certainly  in  favor  of  the  view  that  the 
contents  of  the  duodenum  are  generally  alkaline.  This  question  has 
been  admirably  discussed  in  a  recent  paper  by  Moore  and  Rockwood,'^ 
in  which  also  a  large  number  of  experimental  data  are  offered,  showing 
that  in  many  animals  at  least,  under  different  forms  of  diet,  the  con- 
tents of  the  intestine  from  pylorus  to  caecum  react  alkaline.  In  some 
cases,  to  be  sure,  the  contents  closely  adjacent  to  the  pylorus  were 

^  Rachford  and  Southgate  :  loc.  at. 

*  Moore  and  Rock  wood  :  Journal  of  physiolog\',  1897,  xxi,  p.  373. 


Influence  of  Bile  on  Pancreatic  Proteolysis.  335 

found  to  be  acid,  but  when  this  was  the  case  the  acidity  was  usually 
limited  to  a  few  inches.  Hence,  we  are  inclined  to  believe  that  pan- 
creatic proteolysis  as  it  occurs  in  the  normal  intestine  takes  place,  to 
a  great  extent,  in  the  presence  of  a  neutral  or  alkaline  reaction,  and 
that  under  such  conditions  the  proportion  of  bile  ordinarily  present 
is  not  inimical  to  the  process. 


THE   REINFORCEMENT  OF  VOLUNTARY   MUSCULAR 
CONTRACTIONS. 

By    ALLEN    CLEGHORN,   M.D. 
[Frem  tht  Laboral^y  tf  Phytiot^y  in  tkt  Harvard  MedUat  Selieol.^ 

IN  1890  Bowditch  and  Warren '  found  that  the  knee-jerk  was 
accelerated  or  reinforced  when  the  interval  between  the  various 
sensory  stimuli  used  in  their  experiments  and  the  blow  on  the  patellar 
tendon  was  less  than  three-tenths  second ;  when  this  interval  exceeded 
three-tenths  second  an  inhibitory  or  negative  result  was  obtained. 
Their  results  were  so  uniform  that  it  seemed  desirable  to  ascertain 
whether  sensory  stimuli  would  exert  a  similar  influence  upon  volun- 
tary muscular  contractions,  and  to  that  end  the  following  experiments 
were  undertaken. 

The  subject  of  the  experiment  contracted  his  muscles  rhythmically 
every  three  seconds.  The  signal  for  contraction  was  the  sound  of  a 
metronome  beating  every  half  second. 
The  contractions  were  recorded  by 
means  of  Mosso's  ergo  graph  and  were 
registered  on  a  revolving  drum.  Each 
contraction  was  communicated  by  the 
recording  lever  of  the  ergograph  to  a 
Czermak  electric  double  lever.  The 
reader  may  be  reminded  that  this  most 
useful  piece  of  mechanism  (Fig.  i)  was 
designed  to  record  the  limits  of  oscil- 
lation of  a  moving  body  without  being 
otherwise  affected  by  the  movements  of 
the  body.  By  it  an  electric  current  can 
be  either  made  or  broken  at  the  moment 
when  the  movement  has  reached  its  full 
extent.  It  consists  of  two  levers  (C)  and 
(I)  (Fig-  2),  each  connected  with  one  pole  viwKt.  i. 

of  a  battery  (F).     Both  levers  move  on 

the  same  axis  (H).     The  first  lever  (C)  is  U-shaped  and  freely  movable. 

It  embraces  the  second  lever.     The  latter  (Ij  is  stationary,  except 

'  Bowditch  and  Warken  :  Journal  of  physiology,  1890,  xi,  p.  25. 
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ivhen  either  elevated  or  depressed  by  the  action  of  the  first.  Each 
arm  of  the  first  lever  can  be  made  either  a  conductor  or  a  noncon- 
ductor by  means  of  small  screws  (B  and  C),  tipped  with  platinum  or 
ivory  respectively.     This  lever  is  connected  with  the  ergograph  (K) 

at  L.  A  movement 
of  the  recording  arm 
(A)  of  the  ergograph 
(K),  which  is  connect- 
ed with  the  long  or 
"  U  "  lever  (C)  at  L, 
brings  one  of  the  arms 
of  the  "  U  "  into  con- 
tact with  the  indiffer- 
ent, i.  e.y  stationary 
lever  I.  Should  this 
be  the  arm  carry- 
ing the  ivory-pointed 
screw  no  connection 
is  made,  but  if  it  be 
the  arm  with  the  plat- 
inum-pointed screw 
the  current  is  at  once 
completed.  By  means 
of  this  instrument  and 
an    automatic    short- 


FiGURE  2.    Diagram  of  the  double-lever  and  the  recording 

apparatus. 


circuiting  key  (E),  which  it  was  subsequently  found  necessary  to 
introduce,  the  stimuli  were  controlled  in  a  definite  manner.  Thus, 
when  A  was  depressed  or  in  a  position  of  rest,  i,  e.,  the  position  it 
occupied  when  the  muscles  were  completely  relaxed,  C  was  raised, 
through  its  connection  at  L,  and  made  to  turn  on  the  axis  at  H,  and 
so  to  pull  on  the  cord  (J)  attached  to  the  key  E  and  hence  to  short- 
circuit  itself  automatically.  Without  this  arrangement  unavoidable 
vibrations  would  have  broken  the  circuit  through  the  sensitive  con- 
tact of  a  and  b  and  thus  have  caused  the  signal  marker  (B)  and 
the  electro-magnet  (G)  to  act.  With  this  arrangement,  however, 
when  A  began  to  ascend,  C  was  lowered  and  contact  made  between 
a  and  b,  while  the  spring  at  E  pulled  open  the  short-circuiting 
key,  the  cord  J  between  C  and  E  being  relaxed,  and  so  allowed 
the  current  to  pass  a — b ;  consequently  the  ivory-tipped  screw  c  — 
by  elevating  C  and  so  drawing  b  away  from  a  —  broke  the  circuit 
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as  soon  as  the  recording  lever  (A)  of  the  ergograph  (K)  began  to 
descend.^ 

The  stimuli  used  in  these  experiments  were  light  flashed  into  the 
eye,  a  sudden  sound,  and  induction  shocks  applied  to  the  skin.  For 
the  retinal  stimulus  a  flash  from  a  thirty-two  candle-power  electric 
lamp  was  suddenly  brought  to  bear  on  the  eyes,  which  were  in  dark- 
ness, by  means  of  Czermak's  lever,  the  subject  at  the  beginning  of 
his  muscular  contraction  breaking  the  current^  and  so  by  means  of 
the  electro-magnet  (G)  releasing  a  catch  which  let  fall  the  shutter 
of  the  box  containing  the  electric  lamp.  The  sound  stimulus  was 
effected  in  the  same  way,  except  that  the  breaking  of  the  circuit  re- 
leased a  hammer  which  struck  upon  a  tin  disk  connected  with  the 
ears  by  a  stethoscope.  Similarly,  in  the  case  of  the  stimulation  of 
the  skin,  the  breaking  of  the  circuit  opened  the  short-circuiting  key 
in  the  secondary  circuit  of  a  du  Bois-Reymond  inductorium,  hammer 
in  action,  and  so  let  a  series  of  induction  shocks  pass  to  the  subject 
through  common  sponge  electrodes  fastened  to  the  left  arm  (the 
right  made  the  contractions).  The  point  at  which  the  reinforcing 
stimuli  were  made  was  indicated  on  the  drum  by  an  electric  signal 
marker.  The  subject  usually  contracted  against  the  weight  of  two 
kilogrammes.  The  electric  current  was  under  the  immediate  control 
of  the  operator,  by  means  of  the  short-circuiting  key  (D),  which  cut 
out  the  action  of  Czermak's  lever  and  the  automatic  key  (E) ;  conse- 
quently no  stimulus  could  take  place  except  at  the  will  of  the  opera- 
tor, for  the  circuit  could  not  be  broken  by  Czermak's  lever  unless  D 
was  open.  The  operator  closed  the  circuit  at  irregularly  varying 
intervals  so  that  the  subject  might  not  know  when  the  stimulus  was  to 
be  applied.  Fig.  2  illustrates  the  electrical  connections  for  the  three 
stimuli  of  sound,  light,  and  the  induction  shock. 

It  was  found  that  a  sensory  stimulus  applied  just  as  the  muscle  was 
beginning  to  contract,  caused  an  increase  in  the  height  of  the  con- 
traction (Fig.  3). 

At  this  point  in  the  research  Hofbauer  •  published  experiments 
similar  to  my  own.     He  used  sound  as  the  reinforcing  stimulus  and 

^  For  a  fuU  account  of  the  double  lever  see  Czermak,  J.  H.  :  Der  electrische 
Doppelhebel,  Leipzig,  1871. 

^  The  contact  screws  of  Czermak's  lever  were  here  reversed,  the  lower  one  (c) 
being  the  conductor ;  the  previous  description  applies  to  the  arrangement  in  the 
experiments  to  be  described  presently. 

'  Hofbauer  :    Archiv  f.  d.  ges.  Physiol.,  1897,  Ixviii,  p.  546. 
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a  sudden  sharp  drop  directly  to  the  base  line  and  sometimes  beyond 
it.  Fig.  4  shows  this  clearly,  the  broken-line  curve  being  the  stimu- 
lated one. 

In  the  course  of  the  research  it  was  noticed  that  the  relaxation  of 
some  of  the  subjects  was  quicker  than  that  of  others,  while  the  height 
of  their  normal  contraction  varied 
also,  some  persons  giving  a  strong, 
high  contraction  while  others  gave  a 
small,  feeble  one.  Again,  some  re- 
acted in  a  more  decisive  way  than 
others,  and  in  a  few  instances  the  sub- 
ject gradually  became  accustomed  to 
the  stimuli  and  reacted  more  slowly 
than  at  first     In  some  cases,  finally, 

*^  I.  ^    .  ■    ,  •      TL      it  was  observed   that  the   next  con- 
F]<JUHK4.    One-fifth ongtnal Mze.   The 

curves  record  voluntary  mu»cuUr     traction  following  the  remforced  one 

coniractiong  (load,  one  kilo).    In     exhibited  the  same  phenomenon  (see 

the  broken  curve. <iuring  the  period     pj     ^  ^ut  this  occurred  io  a  manner 

marked  by  the  ri»e  in  the  lint    UHt  ^  ,'"       , 

above  the  time  record,  a  faradie     too  irregular  to  enable  Conclusions  to 

current   was   a|iplied   to  the   skin,      be  drawn  from  it. 

The    breaks    in    this   curye    were  The  table  On   page  34I   shoWS  at  a 

painted    in    after    the    curve    was        ,  ,         n-     .      <- .■  -  .-        i- 

drawn.     The  lowest  tracing  give,      g'^"*:^  ^^e  efltct  of  the  various  Stimuli 

the  lime  in  fifths  of  seconds.  on  muscular  relaxation. 

Each  of  the  three  parts  of  the  table 
is  compiled  from  one  tracing,  in  each  case  taken  from  a  different 
individual,  and  is  typical  of  the  results  obtained  from  all  the  other 
tracings.  The  same  number  of  normal  and  stimulated  contractions 
are  given  in  order  to  facilitate  comparison.  In  the  first  section  of 
the  table  light  was  the  reinforcing  stimulus;  it  was  applied  at  the 
beginning  of  muscular  relaxation:  From  this  portion  we  can  see 
that  in  a  normal  muscular  movement  the  period  of  muscular  re- 
laxation is  slightly  longer  {equal  in  two  cases)  than  the  time  of 
contraction,  while  in  the  movements  with  simultaneous  retinal  stim- 
ulation the  reverse  is  the  case,  the  time  of  relaxation  being  con- 
siderably shorter  than  the  time  of  contraction  (see  Fig.  3).  With 
sound  as  the  stimulus,  the  same  results  arc  noticed,  the  short- 
ening of  the  relaxation  time  being  again  marked.  The  same 
effect  is  gained  by  a  simple  cutaneous  sensory  stimulus  (electric). 
No  attempt  was  made  to  find  the  results  of  using  powerful 
shocks. 


Reinforcement  of  Voluntary  Muscular  Contractions,     341 

The  duration  {in  seconds)  of  vdiintary  muscular  contraction  and  relaxation  ( i )  without 

simultaneous  stimulation^  and  (2)  with  simultaneous  visual^  auditory ^  or 

cutaneous  stimuli  at  the  beginning  of  relaxation. 


Light. 

Sound. 

Induction 

THE 

SHOCKS   TO 
SKIN. 

No  stimulus. 

Stimulus 

at  beginning  of 

relaxation. 

No  stimulus. 

Stimulus 

at  beginning  of 

rehixation. 

No  stimulus. 

Stimulus 

at  beginning  of 

relaxation. 

Jontrac- 
tion. 

Relaxa- 
tion. 

Contrac-i  Relaxa- 
tion,         tion. 

contrac- 
tion. 

Relaxa- 
tion. 

Contrac- 
tion. 

Relaxa^ 
tion. 

CoMcac- 
tion. 

Relaxa- 
iion. 

Coiitrao. 
tion. 

Relaxa- 
tion. 

.5 

.7 

1 

.45    1     .35 

I 

.4 

.5 

.4 

.2 

4 

.5 

.4 

.4 

.5 

.5 

.55 

.2 

.4 

.5 

.4 

3 

.4 

.5 

.45 

.3 

.5 

.6 

.45 

.35 

.5 

.5 

.6 

.4 

.4 

.55 

.35 

.35 

^ 

.7 

.5 

.3 

.35 

.45 

.5 

.25 

.3 

.6 

.5 

J 

.55 

.55 

.5 

.25 

.5 

.5 

.45 

.3 

.4 

.4 

.5 

3 

.51 

.61 

.49 

.29 

.43 

.49 

.47 

.29 

38 

.51 

.44 

33 

AV171 

tlAGFS 

.    1 

It  appears,  therefore,  that  the  phase  of  relaxation  after  voluntary 
muscular  contraction  is  shortened  by  a  sensory  stimulus  applied  at 
the  beginning  of  relaxation. 

I  pass  now  to  a  discussion  of  the  cause  of  this  interesting  phenom- 
enon. It  is  necessary  to  inquire  first  whether  the  shortening  of  the 
relaxation  phase  (or  acceleration  of  relaxation)  is  due  to  a  reflex 
contraction  of  the  extensors  of  the  forearm,  now  relaxing  from  their 
contraction  as  antagonists  during  the  contraction  of  the  flexor  muscles. 
Such  a  reflex  contraction  of  the  extensors  would  forcibly  elongate 
the  relaxing  flexors  and  thus  shorten  their  phase  of  relaxation. 

The  solution  of  this  new  problem  required  that  the  contractions  of 
both  extensors  and  flexors  should  be  registered  simultaneously,  —  a 
difficult  task,  as  it  proved,  necessitating  an  addition  to  the  apparatus 
already  in  use.  The  wrist  being  fixed  as  before  in  Mosso's  ergograph, 
the  subject  flexed  his  arm  so  as  to  bring  the  upper  arm  at  right 
angles  to  the  forearm.  Two  upright  supports  firmly  screwed  to  the 
base  board  of  the  ergograph  embraced  the  elbow  and  upper  arm, 
which  were  then  tightly  bandaged  in  this  position,  the  bandage  in- 
cluding the  uprights  and  the  upper  arm  so  that  no  portion  of  the 
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limb  except  the  finger  in  connection  with  the  ergograph  could  move. 
The  button  of  a  Marey  receiving  tambour  was  placed  in  contact  with 
the  integument  over  the  extensors,  the  tambour  itself  being  supported 
from  below.  Connection  was  now  made  with  a  recording  tambour, 
the  lever  of  which  carried  a  Pfliiger's  marker  which  wrote  vertically 
on  the  drum;  this  did  away  with  the  difference  that  would  result 
were  one  curve  drawn  by  a  lever  moving  perpendicularly  and  the 
other  (extensor)  curve  drawn  by  a  lever  which  moved  in  the  arc  of  a 
circle. 

Over  twenty  different  subjects  were  examined,  and  rather  more 
than  five  hundred  contractions  were  taken  from  each.  The  tracings 
obtained  by  this  method  all  showed  the  same  characteristics  and 
demonstrated  the  fact  that  the  antagonistic  extensors  and  the  flexors 
relax  in  the  same  way.     In  other  words,  the  stimulus  seemed  to  affect 


Figure  5.  One-fourth  original  siie.  The  uppermost  curve  was  drawn  by  the  flexon  of 
the  forearm.  The  aecond  curve  wai  drawn  by  the  extenson.  The  breaks  in  tlie  third 
curve  indicate  the  stimuli    The  lowermost  curve  is  the  time  in  fifths  seconds. 

the  extensors  in  a  similar  manner  to  the  flexors.  Figure  5  shows  the 
action  of  both  sets  of  muscles  under  the  influence  of  the  reinforcing 
stimulus  of  sound.  The  tracing  is  especially  valuable  as  the  subject 
was  contracting  against  the  weight  of  only  one  kilo,  thus  minimizing 
any  influence  which  the  weight  might  have  on  the  relaxation  of  the 
muscles.  In  this  tracing  the  points  of  the  recording  levers  were 
accurately  placed  in  the  same  vertical  line.  It  is  seen  from  these 
results  that  the  acceleration  of  the  relaxation  phase  cannot  be  ex- 
plained by  the  reflex  contraction  of  the  extensors  of  the  forearm. 

A  second  explanation  suggests  itself.  The  relaxation  phase  in 
voluntary  contraction  may  perhaps  be  regarded  as  the  gradual  sub- 
sidence of  the  contraction-discharge  from  the  motor  neurons.  If  such 
a  process  were  inhibited  by  the  stimulation  of  the  retina,  the  auditory 
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apparatus,  or  the  skin,  the  flexor  muscles  would  at  once  cease  to 
oppose  the  extending  force  exerted  by  the  load  which  they  had 
raised.  The  passive  muscles  would  then  be  rapidly  extended  by  the 
load,  and  the  relaxation  curve  would  fall  more  steeply,  as  actually 
observed.  Instances  of  the  reflex  inhibition  of  motor  discharges  in 
consequence  of  sensory  excitation  are  sufficiently  numerous.  The 
interesting  experiment  of  Bubnofi"  and  Heidenhain  ^  may  be  cited  as  an 
example.  These  observers  found  that  in  some  stages  of  morphine 
poisoning  the  subminimal  electrical  excitation  of  a  cortical  motor 
field  produces  strong  tonic  contractions  lasting  for  some  time.  If  a 
sensory  stimulus,  such  as  gently  stroking  the  skin,  or  blowing  on  the 
face,  is  now  applied,  the  muscles  at  once  relax.  The  contraction 
process  in  the  central  neurons  is  in  this  case  cut  short  by  the  sensory 
stimulus.  Attractive  as  this  explanation  of  the  acceleration  of  relaxa- 
tion witnessed  in  my  experiments  may  be,  there  are  reasons  which 
seem  to  preclude  its  acceptance.  An  examination  of  Fig.  5  will  show 
that  a  muscle  weighted  with  one  kilo  relaxed  as  quickly  as  one 
weighted  with  three  kilos.  Had  the  contraction  process  been  sud- 
denly inhibited,  the  extension  of  the  still  partially  shortened  flexors 
—  now  no  longer  in  receipt  of  the  motor  discharge  from  the  central 
neurons  —  would  have  been  more  rapid  with  the  greater  load.  In  my 
experiments,  an  increase  in  the  load  was  not  followed  by  an  increase 
in  the  rapidity  of  relaxation. 

If  the  quickening  of  relaxation  is  not  to  be  explained  by  the  con- 
traction of  antagonists  or  by  the  passive  extension  of  the  muscles  in 
consequence  of  the  reflex  inhibition  of  the  contraction  process  in  the 
phase  of  sinking  energy,  —  and  these  explanations  cannot  be  recon- 
ciled with  my  results,  — there  seems  to  be  no  way  of  avoiding  the  con- 
clusion that  the  quickening  is  due  to  the  augmentation  of  an  active 
relaxation  process.  That  the  phase  of  sinking  energy  in  the  contrac- 
tion process  is  as  much  an  active  conversion  of  stored  power  as  is  the 
phase  of  rising  energy  has  been  long  considered  probable.  Indeed, 
instances  are  not  wanting  of  a  modification  of  the  contraction  process 
by  the  stimulation  of  peripheral  nerves.  Richet*^  and  Biedermann* 
have  thus  relaxed  the  contracted  muscles  of  a  crayfish  claw  and  the 

*  BuBNOFF  and  Heidenhain  :  Archiv  f.  d.  ges.  Physiologic,  1881,  xxvi,  p.  137. 

*  Richet:  Cong,  period  intemat.  d.  so.  mdd.  Compt.  rend.,  1879,  Amst. ;  1880, 

vi,  p-  554-560. 

*  BiEDERMANN :  Sitzungsbcr.  der  konigl.  Acad,  der  Wissensch.  zu  Wien,  1887, 
xcv,  p.  7. 
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sartorius  muscle  of  a  dog  to  which  veratrine  had  been  given.  Kaiser ' 
tetanized  the  nerve  of  a  muscle  that  had  been  brought  into  a  state  of 
tonic  contraction  by  exciting  its  nerves  with  glycerine,  and  observed 
relaxation.  Wedcnsky  ^  finds  that  an  ordinary  nerve  muscle  prepara- 
tion may  be  made  either  to  relax  or  to  contract  according  to  the 
strength  of  the  stimulus  employed.  Many  other  instances  could  be 
cited.  Further,  we  possess  ample  evidence  that  cerebral  influences 
may  directly  cause  relaxation  in  muscular  tissue.  A  familiar  example 
is  the  action  of  the  inhibitory  fibres  of  the  vagus  on  the  heart.  Mus- 
cular relaxation  has  even  been  obtained  by  direct  cortical  stimulation. 
Thus  Bubnoff  and  Heidenhain^  found  that  stimulation  of  the  motor 
fields  of  contracted  muscles,  and  indeed  of  other  fields  as  well,  would 
produce  relaxation.  Sherrington  and  Hering^  have  also  obtained 
muscular  relaxation  by  stimulating  cortical  motor  areas.  It  is  with 
these  experiments  that  my  own  results  should  probably  be  placed, 
for  they  show  that  in  the  human  subject  sensory  stimuli  modify  re- 
flexly  the  relaxation  from  voluntary  muscular  contraction  as  well  as 
the  contraction  itself. 

The  result  of  my  experiments,  then,  favors  the  view  that  the  accele- 
ration of  relaxation  is  due  to  the  augmentation  of  an  "  active  "  relaxa- 
tion process,  rather  than  to  the  inhibition  of  the  contraction  process, 
but  it  would  perhaps,  in  the  present  state  of  knowledge,  be  unsafe  to 
make  too  positive  a  statement  regarding  the  nature  of  the  phase  of 
sinking  energy  in  muscular  contraction. 

In  conclusion  I  desire  to  express  my  appreciation  of  the  many  valu- 
able suggestions  of  Professor  Bowditch,  under  whose  direction  this 
work  was  done. 

Summary. 

1.  A  sensory  stimulus  applied  at  the  beginning  of  a  voluntary  con- 
traction increases  the  height  of  the  contraction. 

2.  The  relaxation  following  a  contraction  with  intercalated  sensory 
stimulus  is  quicker  and  more  complete  than  when  no  stimulus  is 
given. 

3.  This  acceleration  of  relaxation  is  not  due  to  augmentation  of  the 
contraction  of  the  antagonistic  muscles,  for  the  relaxation  of  the  ex- 

1  Kaiser:  Zeitschrift  fiir  Biologic,  1891,  xxviii,p.  423. 

2  Wedensky:  Archives  de  physiologic,  1891,  iii,  p.  687. 

•  Bubnoff  and  Heidexhain  :  loc,  cit, 

*  Sherrington  and  Hering:  Archiv  f.  d.  ges.  Physiol.,  1897,  Ixviii,  p.  222. 
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tensors  does  not  visibly  differ  in  rapidity  and  extent  from  the  relaxa- 
tion of  the  flexor  muscles. 

4.  The  acceleration  of  relaxation  cannot  be  ascribed  to  the  sensory 
stimulus  inhibiting  the  discharge  from  the  motor  neurons  and  thus 
permitting  the  rapid  passive  extension  of  the  muscles  by  the  load  of 
the  ergograph,  for  the  acceleration  does  not  increase  with  the  increase 
of  the  load. 

5.  In  the  present  state  of  knowledge,  the  acceleration  is  best 
explained  as  an  augmentation  of  an  active  relaxation  process  by  the 
sensory  stimulus. 


ON  CERTAIN  CHAR.\CTERI5TICS  OF  THE  PRESSURE 
SENSATIONS  OF  THE  HU>L\N  SKIN. 

Bv  GAYLORD    P.   CLARK.  M.  D. 

Pratienor  of  PfaTvoiofr.  Svnco^e  L'oivcrstty. 
{^Frvm  ike  Pkysiolo'^^il  LaBor,itfry  a/  tk^'  Cnxreratr  of  Leipzigi\ 

BY  pressure  sensations  are  to  be  understood  those  sensations  which 
are  provoked  by  non-painful  mechanical  stimuli  applied  to  the 
skin.  It  appears  that  such  stimuli  must  produce  a  local  deformatioft 
of  the  skin  in  order  to  be  etfective.  In  Meissner's  experiment  of 
immersing  the  hand  in  mercur\*  of  the  temperature  of  the  skin,  a 
considerable  amount  of  pressure  is  exerted  upon  the  skin  of  the  sub- 
merged part,  but  no  sensations  are  there  provoked.  In  this  case  there 
is  sufficient  pressure  to  stimulate,  but.  a  large  surface  being  subjected 
to  the  same  pressure,  there  is  no  deformation  and  consequently  no 
sensation. 

Von  F^rey  '  has  shown  that  mechanical  stimuli  of  threshold  strength 
are  felt  only  at  the  moment  of  their  application,  the  continuation  and 
end  of  the  stimulus  not  being  perceived ;  that  is.  the  sensation  van- 
ishes very  soon  after  the  application  of  the  weight,  and  the  removal 
of  the  weight  is  not  noticed.  He  has  shown,  further,  that  stimuli 
above  the  threshold  strength  may  be  felt  as  continuing  sensations, 
although  the  intensity  of  the  sensation  diminishes,  the  unloading 
being  always  more  difficult  to  perceive  than  the  loading.  The  sensa- 
tion may  outlast  the  stimulus,  probably  as  a  result  of  the  deformation 
of  the  skin,  which  remains  for  some  time.  Finally,  von  Frey  has 
demonstrated  that  the  effectiveness  of  the  stimulus  depends  upon 
certain  factors  in  addition  to  the  strength  of  the  stimulus;  namely, 
upon  the  size  and  position  of  the  surface  stimulated  and  the  rapidity 
with  which  the  stimulus  is  applied. 

In  order  to  determine  more  clearly  the  value  of  the  physiological 
factors  involved,  von  Frey  devised  test  hairs  (Reizhaare),  which  fur- 
nish a  very  circumscribed  mechanical  stimulus,  capable  of  gradation, 
and  thus  measure  quite  accurately  the  number,  position,  and  relative 

1  von  Frky  :  Abhandl.  d.  math.  -  physikai.  CI.  d.  konigl.  Sachsischen  Gesellsch. 
d.  Wissensch.,  1896,  xxiii,  p.  175. 
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sensitiveness  of  the  points  designated  by  Blix  ^  as  "  pressure  points." 
These  "  test  hairs  "  consist  of  short  pieces  of  hair,  preferably  from 
the  human  head,  glued  by  one  end  at  right  angles  to  the  end  of  a 
small  stick.  For  each  hair  two  measurements  are  made ;  a  microm- 
eter measurement  of  the  diameter  of  the  cross-section,  from  which 
the  area  of  the  cross-section  is  calculated ;  and  the  weight  which  the 
hair  can  lift  when  its  free  end  is  brought  to  bear  on  a  scalebeam. 
The  later  measurement  determines  the  "  power  "  of  the  hair.  It  has 
been  found  that  approximately  the  maximal  power  can  be  obtained 
without  undue  bending  of  the  hair,  and  further,  that  the  area  of  the 
cross-section  and  the  power  remain  quite  constant  for  long  periods  of 
time.  The  **  pressure  "  of  the  hair  is  its  power  per  unit  of  surface, 
that  is,  the  quotient  of  its  power  divided  by  the  area  of  its  cross-sec- 
tion. Variety  in  the  sectional  surface  of  the  different  hairs  used  and 
variety  in  the  power  of  different  hairs  of  the  same  sectional  surface 
can  be  obtained  by  taking  pieces  of  hair  of  different  length. 

By  means  of  the  test  hairs  it  is  found  that  the  sensations  of  pres- 
sure are  provoked  only  at  certain  so-called  *'  pressure  points"  which 
are  constant  in  their  location  but  which  vary  in  the  number  distributed 
to  equal  areas  of  skin.  The  pressure  points  are  therefore  separated 
by  intervals  which  are  not  sensitive  to  this  form  of  stimulus,  and 
these  intervals  increase  in  size  as  the  sensitive  points  are  more 
scattered.  The  pressure  points  are  fatigued  by  rapidly  repeated 
stimuli,  but  soon  regain  their  normal  sensitiveness  when  left  to  them- 
selves. Upon  the  haired  portion  of  the  skin,  estimated  to  amount 
to  about  95  per  cent  of  the  whole,  it  has  been  found  that  the  pressure 
points  correspond  to  the  number  of  the  hairs,  the  point  being  located 
over  the  hair  sac  not  far  from  the  spot  where  the  hair  pierces  the 
epidermis ;  —  the  hairs  as  a  rule  grow  obliquely  out  of  the  skin. 
Such  pressure  points  are  subject  to  stimulation  by  movements  of 
the  hairs  —  which  act  as  levers  —  as  well  as  by  the  deformation  pro- 
duced by  the  direct  contact  of  objects  with  the  surface  of  the  skin. 

With  such  small  surfaces  as  those  of  the  test  hairs  it  has  been 
observed  that  physiological  effectiveness  is  not  proportional  to  the 
amount  of  pressure  used.  Test  hairs  of  greater  surface  and  power 
are  more  effective  than  those  of  smaller  surface  and  less  power  not- 
withstanding their  hydrostatic  pressure  may  be  the  same.  Test  hairs, 
the  power  of  which  is  proportional  not  to  the  surface  of  the  applied 
end,  but  to  the  radius  of  that  surface,  are  found  to  be  of  equal  physi- 

1  Blix  :  Zeitschrift  fiir  Biologie,  1884,  xx,  p.  141. 
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ological  value.  From  this  it  is  assumed  that  the  organs  thus  stimu- 
lated are  not  superficial  in  their  location  but  lie  somewhat  deeper,  the 
effect  of  the  deformation  upon  the  deeper  lying  structures  being  more 
marked  when  the  surface  over  which  the  pressure  is  applied  is  in- 
creased. With  larger  surfaces  than  those  of  the  test  hairs  the  deform- 
ation always  attains  its  maximum  effect  at  the  deeper  levels  of  the 
skin,  and  then  the  physiological  effectiveness  of  the  deformation-pro- 
ducing stimulus  becomes  proportional  to  its  pressure. 

5)uring  the  summer  of  1897  I  had  the  opportunity  of  co-operating 
with  Professor  von  Frey  in  the  Physiological  Institute  of  the  University 
of  Leipzig  in  some  extension  of  the  investigations  along  the  line  on 
which  he  has  been  engaged,  and  I  gratefully  acknowledge  my  indebt- 
edness to  him.^  The  first  object  of  the  research  thus  jointly  under- 
taken was  to  determine  whether  deformation  caused  by  traction  (Zug), 

—  which  is  opposite  in  direction  to  that  produced  by  pressure  (Druck), 

—  excites  the  same  organs  that  have  been  shown  to  be  called  into 
action  by  pressure,  or  whether  the  skin  contains  also  organs  which 
react  to  traction.  It  is  evident  that  external  objects  in  contact  with 
the  skin  produce  chiefly  the  deformations  of  pressure  rather  than 
those  of  traction,  but  a  brief  consideration  will  show  that  the  tissues 
of  the  skin  may  be  subject  to  pressure,  or  to  changes  of  pressure,  by 
movements  of  the  underlying  structures  of  the  motor  apparatus,  and 
that  the  terminal  organs  of  the  so-called  pressure  sense  may  be 
thereby  excited.  The  skin  presents  a  very  uneven  surface,  here 
convex,  there  concave,  as  it  conforms  to  the  varying  contour  of  the 
bones  and  muscles  over  which  it  is  stretched.  A  change  of  position  of 
these  structures  must  necessarily  change  the  natural  tissue-pressure  in 
the  overlying  skin,  increasing  that  of  convex  areas  when  their  convexity 
is  increased,  and  diminishing  it  when  their  convexity  is  diminished : 
increasing  that  of  concave  areas  when  their  concavity  is  decreased 
and  diminishing  it  when  their  concavity  is  increased.  Variations  in 
pressure  corresponding  to  those  caused  by  the  deformation  of  local 
traction  as  well  as  that  of  local  pressure  from  external  objects,  but 
due  to  body  movements,  may  therefore  play  a  role  in  exciting  the  nerve 
organs  of  the  skin,  and  the  impulses  thus  provoked  may  be  assumed 
to  contribute  to  our  knowledge  of  the  position  and  the  condition  of  a 
part,  a  function  ascribed  by  some  to  **  common  sensibility." 

1  The  chief  results  of  our  observations  have  been  briefly  reported  by  von  Frey 
to  the  konigliche  Sachsische  Gesellschaft  der  Wissenschaftcn  in  Leipzig  (Berichte, 
Aug.  2,  1897). 
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Our  observations  were  directed  to  very  small  and  to  large  surfaces 
on  the  left  wrist  and  thumb,  and  to  the  effects  of  momentary  and  con- 
tinued stimuli  of  different  degrees  of  intensity.  The  results  are  given 
first  for  very  small  surfaces,  then  for  large  surfaces. 

Very  Small  Surfaces.  —  The  method  of  investigation  was  as  fol- 
lows:—  The  pressure  points  on  the  triangular  non-haired  area  at 
the  distal  end  of  the  anterior  surface  of  the  left  forearm  (which  we 
may  term  for  the  sake  of  brevity  the  left  wrist)  were  very  carefully 
sought  out  by  the  aid  of  suitable  test  hairs.  Each  point  was  then 
marked  with  a  minute  drop  of  silver  nitrate  solution.  The  physio- 
logical character  of  the  surface  to  be  stimulated  was  thus  determined 
so  far  as  the  pressure  sense  is  concerned,  and  the  stimulus  could  be 
applied  as  desired  directly  to  the  chosen  sensitive  point  or  points, 
or,  as  the  pressure  points  in  this  particular  locality  are  widely  scat- 
tered, to  a  non-sensitive  area.  In  order  to  ensure  fixation  of  the 
surface  to  be  tested  and  at  the  same  time  the  comfort  of  the  person 
upon  whom  the  tests  were  to  be  made  (the  "  Reagent,"  as  we  shall 
term  him),  the  left  forearm  was  held  in  a  plaster  of  Paris  form 
moulded  to  fit  the  forearm  from  the  elbow  to  the  tips  of  the  fingers, 
leaving  its  anterior  surface  exposed  sufficiently  to  allow  the  forearm 
to  be  drawn  out  and  inserted  at  will.  The  stimuli  were  applied  by 
means  of  a  double-arm  thin  wooden  lever  20  or  30  centimetres  in 
length,  the  axis  of  which  was  supported  by  a  heavy  and  practically 
immovable  stand.  The  arms  of  the  lever  being  of  unequal  length,  the 
lever  was  brought  into  equilibrium  by  a  rider  placed  upon  the 
shorter  and  remote  arm.  A  light  straw  attached  at  right  angles  to 
the  end  of  the  longer  arm  served  to  transmit  its  movements  to  the 
surface  of  the  skin  to  which  the  stimulus  was  to  be  applied.  The 
surface  of  the  free  end  of  the  light  straw,  the  area  of  which  was 
0.3  mm.^  to  0.5  mm.^,  was  glued  to  the  skin,  various  kinds  of  adhesive 
substances  being  used  (Le  Page's  **  Liquid  Glue,"  Collodion,  etc.). 
Weighting  the  longer  arm  of  the  lever  —  that  towards  the  skin  — 
served  to  produce  pressure ;  weighting  the  shorter  arm  served,  on 
account  of  the  adhesion  of  the  straw,  to  produce  traction.  Disturb- 
ing oscillations  of  the  lever,  and  the  consequent  rapidly  changing 
deformations  of  the  skin,  when  the  weights  were  brought  to  bear 
upon  one  or  the  other  of  the  arms  of  the  lever,  were  avoided  by 
suspending  the  weights  by  rubber  bands  tied  to  the  lever  arms. 
Sometimes  two  equal  weights  were  suspended  at  the  same  time  from 
each  arm  of  the  lever  at  equal  distances  from  its  axis,  the  lever  being 
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thus  left  in  equilibrium,  and  one  weight  was  allowed  to  produce  its 
effect  by  quickly  raising  the  other  with  the  hand.  During  the  tests 
care  was  taken  to  avoid  all  external  disturbance,  and  the  Reagent 
sat  with  closed  eyes  in  the  most  comfortable  position  possible,  atten- 
tive to  the  locality  of  the  skin  to  be  stimulated.  The  word  "  now  " 
warned  him  when  a  stimulus  was  about  to  be  applied,  and  the 
attention  was  then  especially  concentrated. 

Two  protocols  of  such  tests  follow,  one  having  been  made  upon 
an  isolated  sensitive  pressure  point,  the  other  between  previously 
located  points  upon  a  surface  not  sensitive  to  pressure :  — 

June  4»  1897.    Beagent  C.    End  of  straw  glued  upon  a  sensitive  pressure  point  on  the 
volar  side  of  the  left  wrist.     Surface  loaded  :  03  mm^. 


Time. 

h.      m. 

Actual 
weight 

in 
grams. 

Reply  of  Reagent  to  Stimulus  of 

Pressure. 

Traction. 

12    28 
30 
42 

•  •   •   • 

54 

•  •    •    • 

57 
•  • .  • 

1      1 

•  •   •   ■ 

•  •  •  • 

•  •  •   • 

•  •   •   • 

10 

2 

4 
10 

2 

10 

4 

4 
10 

4 
10 

6 

Pressure  (after  20  sec.)  weaker ; 
(after  30  sec.)  vanished. 

Pressure,  continuing,  not  strong ; 
after  30  sec,  vanished. 

Touch,  weak,  only  momentary. 

1 

Touch  (better  sensation  of  de- 
formation), stronger  than  be- 
fore, lasting  longer  (about  20 
sec). 

Traction,    probably;   after  20 
sec,  gone. 

Pressure,  stronger  than  before ; 
remains. 

Nothing. 

Traction  ? 

Touch,  vanishes  very  quickly. 

Pressure,    rather    strong,   soon 
diminishing,  after  20  sec.  ap- 
parently gone,  then  again  per- 
ceived, finally  definitely  van- 
ished. 

Touch,  very  weak;  after  a  few 
seconds,  gone. 

Touch,  continues  some  seconds. 
Pressure  ?     Not  strong. 
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Jiine  5, 1897.    Beagent  C.    End  of  straw  glued  upon  a  space  between  three  pressure  points 
on  the  volar  side  of  the  left  wrist.    Surface  loaded :  0.3  mm'. 


Time, 
h.      m. 

Actual 
weight 

in 
grams. 

Reply  of  Reagent  to  a  Stimulus  of 

Pressure. 

Traction. 

11  51 
•  •  •  • 

54 

•  •   •   • 

12  00 

•  •   •   • 

•  •   •   • 

•  •   ■  • 

•  •   •   • 

•  •   •   • 

24 

•  •   •   • 

•  •    •    • 

2 
2 

10   • 

2 
2 
4 
2 

2 

10 

•    •   •   • 

2 
2 

5 

Touch,  momentary  but  distinct. 

Pressure,  distinct  and  lasting ; 
after  20  sec,  weaker ; 
after  35  sec,  uncertain ; 
after  50  sec,  nothing. 

Touch,  momentary. 

Touch,  momentary,  somewhat 
more  distinct. 

Touch,  distinct  and  lasting ; 
after  10  sec,  weaker ; 
after  20  sec,  vanished. 

Touch,    momentary,    but    as 
strong  as  before. 

Touch,  the  same  strength  but 
lasting  longer. 

Touch,  momentary  pressure. 

Touch,  momentary,  weaker  than 
before. 

Touch,    pressure    distinct    but 
momentary. 

Touch,    very    momentary    and 
somewhat  weak. 

Touch,    momentary;    after    30 
sec,  gone. 

Pressure,    continuing,  but   not 
long ;   after   a    few  seconds, 
gone. 

From  the  foregoing  and  other  similar  tests  it  was  found  that  the 
so-called  pressure  points  shown  to  be  sensitive  to  the  deformation 
caused  by  pressure  are  equally  sensitive  to  the  deformation  caused 
by  traction,  and,  what  is  most  striking,  it  was  seen  that  with  very 
small  surfaces  there  is  inability  to  determine  the  direction  of  the 
deformation,  that  is,  to  distinguish  between  pressure  and  traction, 
the  sensation  being  that  simply  of  a  deformation  even  with  strengths 
of  stimulus  which  are  very  marked  and  the  action  of  which  is 
long  continued.  Pressure  and  traction  each  produced  compara- 
tively quick  fatigue,  the  duration  of  the  sensation   falling  markedly 
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short  of  that  of  the  stimulus,  and  the   removal  of  the   stimulus 
being  unperceived. 

Attention  was  next  turned  to  the  determination  of  the  effect  of 
fatigue  produced  by  a  long  continued  pressure  stimulus  upon 
momentary  traction  stimuli  following  immediately  after  the  removal 
of  the  fatiguing  load.  The  stimulus  used  to  produce  fatigue  con- 
sisted of  a  400  gram  weight  hung  upon  the  pulley  of  the  axis  of  the 
lever.  The  distance  of  the  weight  from  the  axis  was  ^  that  between 
the  axis  and  the  straw  by  which  the  load  was  transmitted  to  the 
skin.  Thus  the  actual  weight  upon  the  tested  surface  was  10  grams. 
The  sectional  area  of  the  end  of  the  straw  being  0.5  mm.^,  the  actual 
pressure  was  20  grams  to  the  square  millimetre.  The  momentary 
stimuli  were  obtained  by  means  of  small  double-arm  thin  wooden 
levers  arranged  at  right  angles  to  the  main  lever  already  described 
and  so  placed  that  they  could  be  made  to  strike  upon  it  on  each 
side  of  and  at  equal  distances  {e,  g.,  about  -^  the  lever  length) 
from  its  axis.  These  levers  were  moved  by  weights  hung  upon 
the  pulley  of  the  axis  on  the  side  towards  the  main  lever,  and  the 
height  of  their  stroke  was  determined  by  an  adjustable  screw  in  a 
post  placed  under  the  remote  arm  of  each  lever  to  serve  as  a  stop. 
This  arrangement  permitted  the  selection  of  a  stroke  that  could 
provoke  a  weak  or  a  distinct  sensation  as  desired ;  and,  by  depress- 
ing the  remote  arm  till  it  touched  the  stop  and  then  suddenly 
releasing  it,  any  number  of  uniform  momentary  stimuli  could  be 
applied. 

Ao  isolated,  sensitive  pressure  point  was  selected  and  the  end  of 
the  straw  glued  upon  it.  The  following  protocols  set  forth  the 
results  obtained  from  two  series  of  tests  in  which  momentary  stimuli 
of  pressure  and  then  of  traction  were  applied,  the  fatigue  in  both 
cases  being  caused  by  pressure. 

The  results  of  such  tests  as  those  here  given  in  detail  show  that 
with  very  small  surfaces  repeated  momentary  pressure  or  traction 
stimuli  of  a  uniform  strength  just  above  the  threshold  value  always 
excite  a  similar  sensation,  if  the  pause  between  successive  stimuli  is 
sufficient  to  avoid  fatigue.  The  results  show  also  that  if  a  strong 
pressure-producing  stimulus  be  allowed  to  act  sufficiently  long  to 
produce  fatigue  and  then  removed  and  momentary  rhythmical  stimuli 
immediately  applied,  the  latter  are  not  at  first  perceived,  but  soon 
begin  to  be  felt,  although  imperfectly,  and  with  an  increasing  distinct- 
ness inconstant  in  degree.     Several  minutes  may  elapse  before  the 
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sensations   regain   their  original   uniform   strength.     It  was   shown 
further  that  the  fatigue  produced  by  pressure  is  as  effective  in  im- 

July  3,  1897.  Beagent  C.  End  of  straw  glued  upon  a  very  sensitive  pressure  point  on  the 
radial  side  of  the  left  wrist.  Surface  loaded :  0.S  mm*''.  Fatiguing  stimulus  20  grams 
mm'**.    Momentary  or  "  stroke  '*  stimuli  as  near  threshold  strength  as  possible. 


A.  —  Momentary  or  stroke  stimulus  applied  as  a  pressure  stimulus. 


Time. 


h. 


11 


6 
6 


00 
30 
00 
30 

00 


15 
30 
45 

7  00 
15 
30 
45 

8  00 
15 
30 
45 

9  00 
15 
30 
45 

10  00 
15 

30  J 
45 

11  00 
15 
30 
45 

12  00 


Stimulus. 


Stroke  stimulus  applied  several  times. 
Fatiguing  stimulus  applied. 


Fatiguing  stimulus  removed. 
Stroke  stimulus  applied. 


Statements  of  Reagent. 


Felt  each  time,  but  weak. 

Weaker. 

Uncertain. 

Nothing. 

Nothing. 

No. 

Uncertain. 

No. 

No. 

Yes,  very  weak. 

Uncertain. 

Yes,  weak. 

Uncertain. 

Yes,  weak. 

Yes,  weak. 

No. 

No. 

Yes,  weak. 

No. 

Yes. 

Yes,  very  weak. 

Yes. 

Yes. 

Uncertain. 

Yes,  weak. 

Yes. 

Yes,  it  becomes  more  distinct. 

Yes. 
Yes. 
Yes,  quite  constant  and  distinct. 


23 


354  Gaylord  P,  Clark. 

July  3,  1897.    Beagent  ^.^CofithmeJ. 


B.— ] 

Vfomentary  or  stroke  stimulus  applied 

as  a  traction  stimulus. 

Time 

h.      m. 

• 
MC. 

Stimulus. 

Statements  of  Reagent. 

11     28 
29 
30 

31 

32 
33 
34 
35 
36 
37 
38 

00 
30 
30 

oo| 

15 
30 
45 
00 
15 
30 
45 
00 
15 
30 
45 
00 
15 
30 
45 
00 
15 
30 
45 
00 
15 
30 
45 
00 
15 
30 
45 
00 

Stroke  stimulus  applied  several  times. 
Fatiguing  stimulus  applied. 

Felt  each  time,  weak  but  dis- 
tinct,   about    as    strong    as 
pressure  stimulus  in   A. 

Not  completely  vanished. 

Uncertain,  variable. 

Nothing. 

Uncertain. 

No. 

No. 

L'ncertain. 

No. 

No. 

No. 

Uncertain. 

Yes,  but  very  weak. 

Yes,  a  little  more  distinct. 

Yery  weak. 

Yes. 

\'cs,  still  weak. 

Uncertain. 

Yes. 

No. 

Yes. 

Yes. 

Yes. 

Uncertain. 

No. 

No. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Yes. 

Fatiguing  stimulus  removed. 
Stroke  stimulus  applied. 

• 

* 

« 
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pairing  the  sensations  provoked  by  subsequent  momentary  traction 
stimuli  as  those  called  out  by  pressure  stimuli  of  the  same  strength. 
Therefore  the  pressure  which  causes  fatigue  for  pressure  also  causes 
an  equal  fatigue  for  traction. 

Large  Surfaces.  —  It  has  been  shown  thus  far  that  with  very  small 
surfaces  points  most  sensitive  to  pressure  are  also  most  sensitive  to 
traction ;  that  their  sensitiveness  to  each  kind  of  stimulus  is  approxi- 
mately the  same;  that  fatigue  produced  by  pressure  is  fatigue  for 
subsequent  traction  stimuli  as  well  as  for  pressure  stimuli ;  and  that 
even  with  strong  and  continued  stimuli  producing  deformation  in  one 
or  the  other  direction  there  is  inability  to  determine  the  direction 
of  the  stimulus,  that  is,  to  distinguish  between  pressure  and  traction. 
Tests  were  now  made  upon  larger  surfaces.  A  cork  disc  with  a  sec- 
tional area  of  50  mm.^  was  slipped  on  to  the  free  end  of  the  straw 
used  in  the  foregoing  tests  and  glued  upon  the  surface  to  be  tested. 
Observations  were  first  made  to  determine  the  effect  of  momentary 
stimuli  applied  to  the  skin  upon  the  most  convex  part  of  the  ball  of 
the  left  thumb.  Such  stimuli  were  obtained  by  the  **  stroke  levers  " 
arranged  as  in  the  foregoing  tests  and  could  be  changed  at  will  from 
pressure  to  traction.  These  observations  were  followed  by  others 
with  continued  stimuli  of  different  strengths. 

Following  is  a  protocol :  — 

July  7,  1897.  Beagent  F.  End  of  cork  glued  on  the  convex  surface  of  the  ball  of  the 
left  thumb.  Surface  loaded:  50  mm''.  Very  strong  momentary  itimnli  by  "stroke 
levers." 


Time, 
h.      m. 

Kind 
of  Stimulus. 

Statements  of 
Reagent. 

Time. 

• 

Kind 
of  Stimulus. 

Statements  of 
Reagents. 

11     25 

Pressure. 

Yes. 

Pressure. 

Yes. 

• 

u 

4> 

Traction. 

Yes,  the  same. 

0) 

CO 

o 

Traction. 

Strong. 

o 

Traction. 

Yes. 

O 

Pressure. 

Strong. 

o 

*•* 

Pressure. 

Yes. 

13 

Traction. 

Strong. 

> 

Pressure. 

Weak. 

Pressure. 

Perhaps  weaker. 

»-4 

Traction. 

Strong. 

C 
1-^ 

Traction. 

Strong. 

F 

tessure  and  tract! 

on  not  distinguished. 
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Continned  itimiili.  Instead  of  "stroke  levers/*  weights  were  hung  on  main  lever  four- 
tenths  of  its  length  distant  from  its  axis.  Duration  of  stimulus  from  5  to  10  seconds, 
with  intervals  of  several  seconds. 


\ 


With  100  grams. 

With  100  grams  acting  as  pressure  or  traction  according  to  the  pleasure 
of  the  observer  and  without  previous  information  to  the  person  upon 
whom  the  observations  were  made,  10  such  stimuli  were  each  correctly 
judged  as  to  the  direction  of  the  stimulus. 

With  20  grams. 

Kind  of  Stimulus. 

Statements  of  Reagent. 

Kind  of  Stimulus. 

Statements  of  Reagent. 

Pressure. 
Traction. 
Traction. 
Pressure. 
Pressure. 

Uncertain. 
Perhaps  traction. 
Perhaps  traction. 
Pressure. 
Uncertain. 

Traction. 
Pressure. 
Pressure. 
Traction. 

.... 

Traction. 

Traction,  uncertain. 
Also  traction. 
Also  traction. 

Repeated  tests  of  the  above  character  made  on  both  of  us  upon  the 
wrist  as  well  as  upon  the  thumb  and  with  stimuli  of  different  strengths, 
showed  that  with  large  surfaces  momentary  stimuli  of  pressure  and 
traction  even  of  marked  strength,  provoking  distinct  sensations,  could 
not  be  distinguished  as  to  their  direction,  a  deformation  undeter- 
mined in  character  being  in  each  case  alone  perceived.  When  stimuli 
were  continued  instead  of  momentary  it  was  found  that  with  smaller 
weights,  that  is,  with  a  diminution  in  the  strength  of  the  stimuli,  the 
ability  to  judge  of  the  character  of  the  deformation  was  also  impaired. 

In  order  to  obtain  equality  in  the  rapidity  of  application  of  the  con- 
tinued stimuli  and  thus  eliminate  the  influence  of  that  factor,  which 
had  previously  been  shown  to  be  an  important  one  in  the  effective- 
ness of  pressure  stimuli,  the  following  arrangement  of  the  apparatus 
already  described  was  made.  The  weights  hanging  on  rubber  bands 
attached  to  each  side  of  the  axis  of  the  main  lever  were  supported 
by  the  two  levers  previously  used  as  **  stroke  levers  "  but  now  placed 
under  the  main  lever.  The  ends  of  the  arms  that  supported  the  weights 
rested  upon  a  shelf  attached  to  a  horizontal  clock-work  kymograph 
drum.     Rotation  of  the  drum  carried  the  ends  of  the  levers  down  and 
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allowed  the  weights  which  they  supported  to  act  upon  the  main  lever. 
By  placing  a  sufficiently  heavy  rider  upon  the  remote  arm  of  either 
lever  that  lever  could  be  held  in  place  so  that  only  one  weight  would 
be  brought  to  act  upon  the  main  lever  when  the  drum  was  set  in 
motion.  The  excursion  of  the  drum  was  limited  to  about  one-fourth 
revolution.  The  stimulus  was  removed  by  turning  the  drum  back  by 
the  hand  to  its  former  position,  the  shelf  lifting  the  end  of  the  lever 
and  thereby  the  weight.  A  counterpoise  clamped  on  the  opposite 
side  of  the  drum  served  to  offset  the  effect  of  the  weights  upon  the 
shelf  when  the  drum  was  at  rest  and  a  stimulus  was  not  being  applied. 
In  the  above  manner  a  continued  pressure  or  traction  stimulus  of  any 
desired  strength  could  always  be  applied  with  the  same  rapidity. 

A  protocol  of  a  test  made  under  such  conditions  is  presented  below. 
The  tests  showed  clearly  that  a  certain  degree  of  strength  is  essen- 
tial to  a  correct  judgment  of  the  kind  of  deformation  produced  by 
continued  stimuli  upon  large  surfaces.  By  gradually  increasing  the 
strength  of  stimulus,  the  size  of  the  surface  stimulated  and  the  rapid- 
ity of  application  of  the  stimulus  remaining  constant,  it  was  found 
that  the  ability  to  distinguish  the  direction  of  the  deformation  ap- 
peared with  a  certain  increase  of  weight,  not  suddenly  but  gradually, 
some  still  undetermined  difference  in  the  character  of  the  stimulus 
being  first  noticed.  With  stimuli  of  sufficient  strength  a  correct 
judgment  as  to  their  direction  could  always  be  formed :  — 

July  16»  1897.  Beagent  F.  End  of  cork  glued  upon  the  convex  surface  of  the  ball  of  the 
left  thumb.  Surface  loaded :  10  mm^.  Continued  stimuli  30  grams,  two-tenths  lever 
length  from  axis  of  main  lever,  corresponding  to  an  actual  load  of  6  grams.  Duration 
of  stimulus,  10  seconds. 


Time. 

h.      m. 

Kind  of  Stimulus. 

Statements  of  Reagent. 

1 

10    37 

Pressure. 

Distinct  excitation,  continuing;    not  determinable 
whether  pressure  or  traction,  perhaps  traction. 

41 

Traction. 

The  same,  but  weaker,  lasting  a  very  short  time. 

45 

Traction. 

More  distinct,  does  not  last  very  long ;  believe  it  is 
pressure.     More  distinct  than  second  stimulus, 
about  as  long  as  first. 

50 

Pressure. 

Distinct,  lasting ;  different  from  the  preceding  exci- 
tation, perhaps  traction. 

55 

Pressure. 

Distinct  and  lasting ;  cannot  say  what  it  is. 

11    00 

Traction. 

Weaker,  very  weak,  almost  momentary. 
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30  grams,  pressure  side  2  spaces  from  axis ;   actual  load  6  grams. 
30  grams,  traction  side  2^<  spaces  from  axis ;  actual  load  7.5  grams. 


Time, 
n.      B. 


Kind  of  Stimulus. 


11     15 

18 

22 

27 
31 
34 


Traction. 

Pressure. 

Pressure. 

Traction. 
Traction. 
Pressure. 


Statements  of  Reagent. 


Quite  distinct,  not  very  strong,  impossible  to  dis- 
tinguish. 

Distinct,  lasting;  not  determinable  whether  pressure 
or  traction,  perhaps  traction. 

Distinct,  lasting,  gradually  vanishing ;  perhaps  pres- 
sure, quite  uncertain. 

Distinct,  lasting;  not  determinable. 

Vcs,  distinct  and  lasting ;  perhaps  pressure. 

Exactly  the  same  as  to  intensity  and  character. 


All  stimuli  notably  of  equal  strength. 

(It  is  to  be  noted  that  the  removal  of  the  stimulus  was  not  perceived,  and  that  the 

sensation  outlasted  the  stimulus.) 


Conclusions. 

Collectively  the  tests  show  that  the  recognition  of  the  direction  of  a 
deformation,  that  is,  the  ability  to  distinguish  between  pressure  and 
traction,  depends  upon  the  size  of  the  surface  stimulated,  the  duration 
of  the  stimulus,  and  the  strength  of  the  stimulus.  The  perception  of 
a  deformation  is  therefore  a  simpler  psychological  process  than  the 
recognition  of  its  character.  The  impulses  provoked  by  variations  in 
pressure  appear  to  contain  in  themselves  no  determination  of  the 
direction  of  the  exciting  deformation.  That  determination  is  gained 
by  a  combination  of  impulses  of  some  intensity,  of  more  than  momen- 
tary duration,  and  arising  from  a  not  too  limited  area  of  the  skin. 

Our  demonstration  that  the  points  most  sensitive  to  pressure  are 
equally  sensitive  to  traction ;  that  the  impulses  produced  by  stimuli 
in  either  direction  provoke  simply  sensations  of  deformation  without 
indications  as  to  its  direction ;  that  a  stimulus  which  causes  fatigue 
for  pressure  stimuli  causes  also  fatigue  for  traction  stimuli ;  and  that 
the  strength  of  the  stimulus,  the  rapidity  of  its  application,  and  the 
size  and  the  location  of  the  surface  to  which  it  is  applied,  influence 
equally  the  effectiveness  of  traction  and  of  pressure  stimuli  —  makes 
it  probable  that  the  organs  in  the  skin  which  are  stimulated  by 
pressure  are  also  stimulated  by  traction. 
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SINCE  the  stomach  gives  no  obvious  external  sign  of  its  workings, 
investigators  of  gastric  movements  have  hitherto  been  obliged  to 
confine  their  studies  to  pathological  subjects  or  to  animals  subjected 
to  serious  operative  interference.  Observations  made  under  these 
necessarily  abnormal  conditions  have  yielded  a  literature^  which  is 
full  of  conflicting  statements  and  uncertain  results.  The  only  sure 
conclusion  to  be  drawn  from  this  material  is  that  when  the  stomach 
receives  food,  obscure  peristaltic  contractions  are  set  going,  which 
'  in  some  way  churn  the  food  to  a  liquid  chyme  and  force  it  into  the  in- 
testines. How  imperfectly  this  describes  the  real  workings  of  the 
stomach  will  appear  from  the  following  account  of  the  actions  of  the 
organ  studied  by  a  new  method.  The  mixing  of  a  small  quantity  of 
subnitrate  of  bismuth  with  the  food  allows  not  only  the  contractions 
of  the  gastric  wall,  but  also  the  movements  of  the  gastric  contents 

*  The  first  account  of  this  work  was  given  at  the  meeting  of  the  American  Phys- 
iological Society,  in  May,  1897  (see  Science,  June  11,  1897) ;  and  the  later  results 
were  presented  at  the  meeting  of  the  Society  in  December,  1897.  A  summary  of 
the  results  was  published  in  the  Proceedings  of  the  American  Physiological  So- 
ciety, this  Journal,  1898,  i,  p.  xiii.  A  report  of  the  research  was  also  made  to  the 
Boston  Society  of  Medical  Sciences,  February  15,  1898. 

*  PoENSGEN  (Die  motorische  Verrichtungen  des  menschlichen  Magens  und  ihre 
Stdrungen,  Strassburg,  1882,)  gives  a  comprehensive  review  of  the  literature  to 
that  date. 
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to  be  seen  with  the  Rontgen  rays  in  the  uninjurea  animal  during  nor- 
mal digestion.  An  unsuspected  nicety  of  mechanical  action  and  a 
surprising  sensitiveness  to  nervous  conditions  have  thereby  been 
disclosed. 

I.  Introductory  Literature. 

The  early  writings  on  the  subject  of  gastric  movements  are  charac- 
terized by  general  inferences  from  physical  laws  and  from  the  anatom- 
ical structure  of  the  stomach.  According  to  Galen,^  the  stomach  had 
four  functions :  to  draw  the  food  from  the  mouth  (^facultas  attractrix), 
to  retain  the  food  {facultas  retentrix)  during  the  process  of  chemical 
digestion  {facultas  altcratrix),  and,  finally,  to  pass  the  changed  mate- 
rial onward  {faadtas  cxpultrix).  In  later  writings  the  facultas  at- 
tractrix  failed  to  appear  as  one  of  the  functions  of  the  stomach. 
Fallopius,^  in  the  sixteenth  century,  changed  the  notion  of  the  facul- 
tas retcfitrix  by  suggesting  that  the  pylorus  alone  performed  this 
office,  and  that  the  muscles  of  the  gastric  wall  could  help  only  by 
remaining  quiet.  Thus  th^  facultas  alteratrix  and  the  facultas  cxpul- 
trix are  left  as  true  gastric  functions.  It  is  with  the  latter  activity 
and  its  effects  that  this  paper  is  concerned. 

The  ideas  of  the  early  writers  concerning  the  py^lorus  and  cardia 
are  of  interest.  The  cardia,  they  were  agreed,  is  closed  during  nor- 
mal digestion  in  order  to  keep  the  food  from  re-entering  the  oesoph- 
agus. The  pylorus  they  looked  upon  as  the  ruler  of  the  actions 
of  the  stomach.  Such  names  as  pylorus  (keeper  of  the  gate),  janitor 
Justus,  and  rector,  which  the  first  investigators  gave  to  the  sphincter, 
indicate  their  theories  of  its  functions.  The  passage  of  chyme  into 
the  duodenum,  the  keeping  of  undigested  food  in  the  stomach,  the 
act  of  vomiting,  were  all  dependent,  they  believed,  on  the  "  will  "  of 
the  pylorus.^ 

No  substantial  advance  was  made  beyond  these  hypotheses  until 
the  beginning  of  the  eighteenth  century,  when  Wepfer  and  Schwartz 
applied  the  experimental  method  to  the  study  of  the  gastric  move- 
ments and  laid  the  foundation  of  a  more  accurate  knowledge.  Wep- 
fer* vivisected  wolves,  dogs,  and  cats,  and  observed  constrictions 
following  stimulation  of  the  stomach.     He  remarked  a  general  con- 

1  Galen  :  Opera  omnia.     Leipzig,  1822,  iii,  pp.  275,  281. 

*  Fallopius:  Opera  omnia;  observationes  anatomicae.    Frankfort,  1600, p.  412. 
^  Van  Helmont:  Opera  omnia.     Frankfort,  1707,  p.  215. 

*  Wepfer;  Historia  cicutae  aquaticae.     Basel,  1679,  P-  ^5^  et seq. 
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traction  of  the  pyloric  part  in  vomiting  (pp.  152,  168,  and  250),  and 
noted  peristaltic  and  antiperistaltic  movements  passing  over  the 
organ.  About  the  middle  of  the  stomach  he  frequently  saw  a  deep 
constriction.  The  investigations  of  Schwartz  ^  are  more  valuable  in 
that  his  search  was  for  the  normal  action  of  the  muscular  coats.  The 
movements,  as  he  observed  them,  were  generally  only  slight.  They 
began  either  at  the  pylorus  and  passed  to  the  left,  half-way  to  the 
cardia,  or  started  at  the  fundus  and  went  to  the  pylorus.  The  con- 
tractions and  relaxations,  following  one  another,  formed  larger  or 
smaller  depressions  and  elevations,  i,  ^.,  more  or  less  definite  waves. 

Near  the  middle  of  the  last  century,  Haller,^  after  confirming  the 
results  obtained  by  Schwartz  and  Wepfer,  summarized  his  knowledge 
of  the  motor  functions  of  the  stomach  as  follows :  In  general,  con- 
traction alternates  with  relaxation,  so  that  the  stomach  is,  now  here, 
now  there,  made  narrower  by  longitudinal  or  transverse  depressions ; 
then  in  these  same  places  relaxation  and  bulging  occur  (pp.  260-262. 
and  p.  2^6),  So  long  as  both  apertures  are  closed  the  food  is  driven 
hither  and  thither  by  the  shifting  movements.  It  first  takes  a  definite 
direction  when  the  cardia  or  the  pylorus  opens.  If  the  cardia  opens, 
there  is  an  antiperistalsis  followed  by  regurgitation  and  vomiting 
(p.  281).  If,  on  the  contrary,  the  pylorus  relaxes,  a  contraction, 
starting  at  the  oesophagus,  pushes  the  contents  of  the  stomach  into 
the  duodenum.  The  pylorus  allows  the  passage  of  fluids,  but  if  it  be 
stimulated  by  over  distention  or  by  hard  pieces  of  food,  it  closes 
tightly  (p.  277). 

Such  was  the  knowledge  of  gastric  movements  in  Haller's  time. 
A  comparison  of  his  descriptions  with  those  in  any  standard  work  on 
physiology  published  ten  or  fifteen  years  ago  will  show  that,  despite 
very  many  researches,  little  advance  had  been  made.  Examinations 
of  animals  and*  men  with  gastric  fistulas,  studies  of  the  stomach 
through  the  atrophied  abdominal  wall,  and  vivisection,  have  yielded 
numerous  results,  but  these  have  not  been  harmonious,  and  have  led 
to  much  controversy.  Prominent  in  this  mass  of  material  as  a  val- 
uable contribution  are  Beaumont's  careful  observations  through  the 
gastric  fistula  of  Alexis  St.  Martin.  Beaumont's  work  has  recently 
been  confirmed  by  Hofmcister  and  Schiitz,  who,  with  Rossbach,  Hirsch, 
Openchowski,  and  others,  have  presented  during  the  last  twelve  years 

*  B.  Schwartz  in  Haller's  Dissertationes  anatomicae.     Gottingen,  1746,  i,  pp. 

337-338. 

'-*  Haller:  Elementa  physiologias.     Berne,  1764,  vi,  p.  260  et  seq. 
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much  new  and  interesting  information.  Since,  however,  it  will  con- 
duce to  clearness  to  set  forth  the  results  of  these  investigations  in 
connection  with  my  own  work,  their  consideration  will  be  deferred 
until  later. 

It  will  then  appear  that  these  later  investigations,  like  the  earlier 
researches,  disagree  as  to  the  details  of  the  stomach  movements. 
Such  differences  in  results  are  the  proper  outcome  of  the  abnormal 
conditions  under  which  the  studies  have  been  conducted.  Obviously, 
in  order  to  see  the  natural  movements  of  the  stomach,  the  organ 
should  be  observed  in  its  natural  state,  and  not  after  it  has  been  dis- 
turbed by  removal  from  the  abdomen  or  by  the  adhesions  and  losses 
of  substance  incident  to  gastric  fistulas. 

As  a  means  of  watching  the  gastric  motor  activities  under  normal 
circumstances.  Dr.  H.  P.  Bowditch,  in  the  autumn  of  1896,  suggested 
the  use  of  the  Rontgen  rays.  The  present  paper  is  the  result  of  the 
work  thus  far  completed.  The  kind  assistance  and  stimulating 
counsel  of  Dr.  Bowditch  throughout  the  investigation  are  gfratefuUy 
acknowledged. 

II.  The  Method. 

The  method  consists  in  mixing  subnitrate  of  bismuth  —  a  harm- 
less, non-irritating  powder  —  with  the  food,'  and  observing  the  move- 
ments of  the  swallowed  mass  by  means  of  the  Rontgen  rays.  As  is 
now  generally  known,  the  picture  thrown  on  the  fluorescent  screen 
by  the  Rontgen  rays  is  one  of  shadows  of  varying  intensity;  the 
denser  the  substance,  the  darker  the  shadow.  There  is  nothing  in  the 
structure  of  the  stomach  to  cause  it  to  cast  a  different  shade  from  that 
of  its  neighboring  organs.  But  the  dense  bismuth  powder,  uniformly 
mixed  with  the  food  that  fills  the  stomach,  throws  the  dark  shadow 
of  the  stomach  contents  on  the  screen,  and  the  changes  in  the  shape  of 
the  outlines  indicate  the  intrinsic  movements  of  the  organ. 

The  animal  used  throughout  the  research  was  the  cat  The  meal 
given  before  making  an  observation  consisted  of  from  fifteen  to 
eighteen  grams  of  dry  bread,  softened  to  a  mushy  mass  by  milk, 
hot  water,  or  thin  gravy,  and  mixed  with  from  one  to  five  grams  of 
subnitrate  of  bismuth,  according  to  the  purpose  in  hand.  One  or 
two  grams  of  the  bismuth  compound  produce  a  dim  shadow  of  the 
stomach  within  which  may  be  clearly  seen  the  darker  forms  of  food 
containing  a  larger  amount  of  the  substance;  three  grams  are 
enough  for  ordinary  observations ;  four  or  five  grams  are  needed  to 
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see  the  passage  of  food  from  the  pylorus.  The  cat  was  usually  kept 
from  eating  for  at  least  twelve  hours  before  an  observation,  in  order 
that  the  stomach  might  be  wholly  free  from  contents  transparent  to 
the  X-rays. 

The  construction  of  the  holder  on  which  the  cat  was  tied  is  shown 
in  the  diagram  (Fig.  i).  It  consisted  of  a  framework  supporting  a 
sheet  of  black  cotton  cloth.  The  frame  was  made  of  two  side  pieces 
each  80  cm.  long  and  2.5  cm.  square,  connected  at  either  end  by 
blocks  2.5  cm.  thick,  12.5  cm.  wide,  and  16  cm.  long.  The  black 
cloth,  which  sagged  for  the  com-  ^ 

fort  of  the  cat,  was  held  by  strips    /"^u      \      / ,  "~"7~^l~ 
of  wood   nailed  to  the  inner  face    Ti"         :;;jr-r-i:^i:=i-"      |^ 

of  the  frame.      Through  the  side  Figure  i 

pieces  were  holes  0.6  cm.  in  di- 
ameter, and  5  cm.  apart.  Each  of  the  leather  nooses  securing  the 
legs  went  down  through  one  of  these  holes,  and  up  through  another, 
in  which  it  was  made  fast  by  forcing  a  pointed  peg  into  the  hole 
with  it.  The  cat's  head  was  held  by  two  pegs,  one  on  either  side 
of  the  neck,  joined  above  by  a  leather  thong.  One  of  the  pegs  was 
movable  and  could  be  put  in  any  of  the  three  holes,  3,  4.5,  or  6 
centimetres  from  the  otheif  peg,  according  to  the  thickness  of  the 
cat's  neck. 

For  seeing  the  regular  movements  of  the  stomach  the  cat  was 
tied  back  downward,  with  the  fore  paws  in  nooses  at  either  side, 
and  with  the  hind  legs  stretched  out  and  fastened  to  the  holder  at 
the  cat's  right.  For  watching  the  passage  of  food  from  the  pylorus, 
the  hind  legs  were  both  fastened  to  the  left  side  of  the  frame,  so 
that  the  cat  lay  on  her  left  flank.  Most  of  the  female  cats  would 
lie  on  the  holder  by  the  hour  without  making  any  attempt  to  break 
away  or  manifesting  any  signs  of  discomfort.  In  marked  contrast 
was  the  behavior  of  the  males.  Almost  without  exception  they 
seemed  worried  when  fastened  down.  The  interesting  effects  of 
these  different  ways  of  reacting  to  novel  surroundings  will  be 
described  later. 

The  cat-holder  was  supported  at  either  end.  Below  it  at  a  distance 
of  19  cm.  was  placed  the  tube  generating  the  Rontgen  rays.  This 
tube  had  a  self-regulating  device  for  maintaining  a  uniform  vacuum, 
—  very  useful  in  that  it  allowed  long  observations  with  rays  of  uni- 
form intensity.  A  Topler-Holtz  machine,  run  by  a  small  motor, 
produced  the  electrical  discharge  through  the  tube.     This  apparatus 
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was  placed  behind  the  holder.  The  light  from  the  tube  and  the 
machine  was  shut  off  from  the  observer  by  drapings  of  black  cloth, 
so  that  in  the  dark  room  where  the  work  was  carried  on  it  was 
possible  to  use  an  open  fluorescent  screen  with  sides  only  two 
centimetres  high.  This  plan  was  found  especially  valuable  in  that  it 
permitted  tracing  the  outlines  of  the  stomach  on  tissue  paper  laid 
over  the  fluorescent  surface. 

III.  The  Anatomy  of  the  Stomach  and  its  Relations  to 

THE  Shadow. 

It  must  be  constantly  borne  in  mind  that  the  shadows  described  in 
this  research  are  cast  by  the  gastric  contents,  --  not  by  the  stomach 
itself.  Therefore  the  movements  of  the  organ  are  not  seen  directly, 
but  are  indicated  by  their  effect  on  the  contained  food.  Variations  in 
the  length  and  breadth  of  the  stomach  can  be  inferred  from  changes 
in  the  outline  of  the  shadow,  but  variations  in  the  front-to-back 
diameter  of  the  organ  must  be  judged  from  changes  in  the  intensity 
of  the  shadow. 

The  form  of  the  active  stomach  soon  after  food  has  been  taken  is 
shown  in  outline  in  Figure  2.  Since  the  several  parts  of  the  stomach 
are  to  be  mentioned  frequently,  it  will  be  well  to  recall  them  here  in 
their  relations  to  the  outline.  The  larger,  cardiac  part  of  the  organ 
lies  to  the  left  of  a  line  through  w x.     Into  it  the  oesophagus  opens 

through  the  cardiac  sphincter,  or 
cardia,  at  c.  The  pyloric  part, 
L€ft  which  includes  all  of  the  stomach 
situated  at  the  right  of  a  line  w  x, 
is  closed  by  the  pylorus  at  p. 
This  part  has  two  divisions;  the 
antrum  at  the  right  of  the  line  y  js, 
and  the  preantral  part  of  the  pyl- 
oric portion,  or  middle  region  of 
the  stomach,  between  the  lines  w  x  and  y  s.  The  lesser  curvature 
corresponds  approximately  to  the  anterior  border  of  the  shadow 
c  w  p  ;  the  greater  curvature  to  the  more  extensive  sweep,  c  p^  along 
the  posterior  border. 

The  wall  of  the  cat's  stomach  consists  of  three  coats,  but  as  this 
paper  deals  only  with  the  functions  of  the  muscular  coat,  that  alone 
will  be  described.  The  gastric  muscular  fibres  are  disposed  in  three 
sets :  an  outer  longitudinal  layer,  a  middle  circular  layer,  and  a  set 
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of  inner  oblique  fibres.  The  longitudinal  fibres  continue  those  of  the 
oesophagus,  and,  radiating  over  the  cardiac  end,  become  more  marked 
along  the  curvatures  than  on  the  front  and  back  surfaces.  Over  the 
antrum  they  lie  in  a  thick,  uniform  layer.  The  circular  fibres  form  a 
complete  investment,  and  are  arranged  in  rings  at  right  angles  to  the 
curved  axis  of  the  stomach.  Towards  the  pyloric  end  they  become 
denser  and  stronger,  and  at  the  pylorus  form  a  thick  bundle,  the  py- 
loric sphincter.  Separating  the  antrum  from  the  rest  of  the  stomach, 
at  J  r,  is  a  special  thickening  of  the  circular  fibres,  called  by  the 
early  writers  ^  the  **  transverse  band,"  and  described  by  Hofmeister 
and  Schiitz^  as  the  "sphincter  antri  pylorici."  The  oblique  fibres 
start  from  the  left  of  the  cardiac  orifice,  and  pass  as  two  strong  bands 
along  the  anterior  part  of  the  dorsal  and  ventral  surfaces,  giving  off 
fine  fasciculi  to  the  circular  musculature;  towards  the  antrum  they 
gradually  disappear. 

The  musculature  of  the  stomach  consists  of  smooth  muscle  fibres, 
the  chief  physiological  characteristics  of  which  are  slowness  of  con- 
traction, rhythmic  alternation  of  contraction  and  relaxation,  and  a 
very  great  tonicity,  or  power  of  prolonged  contraction.  The  action 
of  these  muscles  in  the  process  of  gastric  digestion  is  now  to  be 
considered. 

IV.  The  Normal  Movements  of  the  Stomach. 

Since  the  time  of  Haller  the  chief  contributors  to  the  knowledge  of 
the  mechanics  of  the  stomach  have  been  Beaumont,  Hofmeister  and 
Schiitz,  and  Rossbach. 

Beaumont's  famous  investigations  on  Alexis  St.  Martin  are  recorded 
in  almost  all  general  works  on  physiology.  Through  a  gastric  fistula 
he  introduced  a  thermometer-tube  and  obse'rved  how  it  was  affected 
by  the  motions  of  the  stomach.  His  conclusions  are  as  follows: 
"  The  circular  or  transverse  muscles  contract  progressively  from  left 
to  right.  When  the  impulse  arrives  at  the  transverse  bandy  this  is 
excited  to  a  more  forcible  contraction,  and,  closing  upon  the  alimen- 
tary matter  and  fluids  contained  in  the  pyloric  end,  prevents  their 
regurgitation.  The  muscles  of  the  pyloric  end,  now  contracting  upon 
the  contents  detained  there,  separate  and  expel  some  portion  of  the 
chyme.  ,  .  .  After  the  contractile  impulse  is  carried  to  the  pyloric 

1  Beaumont  :  Physiology  of  digestion.     Burlington,  1847,  p.  104. 
'  Hofmeister  and  Schutz  :  Archiv  fiir  exper.  Pathol,  und  Pharmakol.,  1886, 
XX,  p.  7. 
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extremity,  the  circular  band  and  all  the  transverse  muscles  become 
relaxed,  and  a  contraction  commences  in  a  reversed  direction,  from 
right  to  left,  and  carries  the  contents  again  to  the  splenic  extremity 
to  undergo  similar  revolutions. "  ^ 

In  close  accord  with  Beaumont's  description  of  the  activities  of  the 
human  stomach  are  the  records  of  the  investigations  on  the  stomach 
of  dogs  by  Hofmeister  and  Schiitz.*  They  removed  the  stomach 
from  the  body  and  placed  it  in  a  moist  chamber,  kept  at  body-heat 
and  covered  with  glass.  Under  such  conditions  the  organ  remained 
active  for  from  sixty  to  ninety  minutes.  A  typical  movement  is  de- 
scribed by  these  observers  as  composed  of  two  phases.  In  the  first 
phase  a  constriction  of  the  circular  fibres,  deeper  on  the  greater  cur- 
vature, starts  a  few  centimetres  from  the  cardia  and  passes  towards 
the  pylorus.  As  the  constriction  proceeds  it  increases  in  strength 
until  a  maximum  is  reached  about  two  centimetres  in  front  of  the  an- 
trum. This  annular  contraction,  called  by  Hofmeister  and  Schiitz  the 
**  preantral  constriction,"  closes  the  first  phase.  Immediately  there- 
after the  strong  sphincter  antri  pylorici,  or  transverse  band,  contracts. 
Now,  while  the  preantral  constriction  is  relaxing,  the  sphincter  antri 
pylorici  tightens  still  more,  and  the  antrum  is  shut  off  from  the  rest 
of  the  stomach.  As  soon  as  this  has  occurred  a  general  contraction 
of  the  muscles  of  the  antrum  follows.  Relaxation  begins  at  the 
sphincter  antri  pylorici  and  progresses  slowly  toward  the  pylorus ;  it 
is  sometimes  accompanied  by  an  antiperistaltic  movement. 

Although  Rossbach  ^  also  used  dogs  his  results  vary  considerably 
from  those  of  Hofmeister  and  Schiitz.  This  discrepancy  is  possibly 
accounted  for  by  a  difference  in  method,  for  Rossbach  left  the 
stomach  in  the  body.  The  dogs  were  treated  with  morphia  and 
curare,  and  the  abdomen  was  then  widely  opened,  so  that  the  move- 
ments could  be  clearly  seen.  When  the  stomach  was  full  Rossbach 
saw  deep  constrictions  begin  near  the  middle  and  pass  in  waves  to  the 
pylorus.  At  first  these  movements  were  weak :  later,  however,  they 
became  more  vigorous.  The  fundus  remained  in  tonic  contraction 
about  its  contents  and  took  no  part  in  the  peristalsis. 

Before  attempting  to  explain  the  difference  in  the  records  of  these 
observers  I  shall  give  an  account  of  what  may  be  seen  in  a  cat  by 
use  of  bismuth  subnitrate  and  the  Rontgen  rays. 

1  Beaumont:  /oc.  cH ,  p.  io6. 

2  Hofmeister  and  Schutz:  loc,  cit.,  p.  i. 

•  Rossbach  :  Deutsches  Archiv  fiir  klinische  Medicin,  1890,  xlvi,  p.  296. 
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I.  Movements  of  the  Pyloric  Part.  —  Within  five  minutes  after  a  cat 
has  finished  a  meal  of  bread,  there  is  visible  near  the  duodenal  end  of 
the  antrum  a  slight  annular  contraction  which  moves  peristaltically  to 
the  pylorus :  this  is  followed  by  several  waves  recurring  at  regular 
intervals.  Two  or  three  minutes  after  the  first  movement  is  seen, 
very  slight  constrictions  appear  near  the  middle  of  the  stomach,  and, 
pressing  deeper  into  the  greater  curvature,  course  slowly  towards  the 
pyloric  end.  As  new  regions  enter  into  constriction,  the  fibres  just 
previously  contracted  become  relaxed,  so  that  there  is  a  true  moving 
wave,  with  a  trough  between  two  crests.  When  a  wave  swings  round 
the  bend  in  the  pyloric  part  the  indentation  made  by  it  deepens ;  and 
as  digestion  goes  on  the  antrum  elongates  and  the  constrictions  run- 
ning over  it  grow  stronger,  but,  until  the  stomach  is  nearly  empty, 
they  do  not  entirely  divide  the  cavity.  After  the  antrum  has  length- 
ened, a  wave  takes  about  thirty-six  seconds  to  move  from  the  middle 
of  the  stomach  to  the  pylorus.  At  all  periods  of  digestion  the  waves 
recur  at  intervals  of  almost  exactly  ten  seconds.  So  regular  is  this 
rhythm  that  many  times  I  have  been  able  to  determine  within  two  or 
three  seconds  when  a  minute  had  elapsed  simply  by  counting  six  simi- 
lar phases  of  the  undulations  as  they  passed  a  given  point.  It  results 
from  this  rhythm  that  when  one  wave  is  just  beginning,  several  others 
are  already  running  in  order  before  it.  Between  the  rings  of  constric- 
tion the  stomach  is  bulged  out,  as  shown  in  the  various  outlines  in 
Figures  3,  4,  and  5.  The  number  of  waves  during  a  single  period  of 
digestion  is  larger  than  might  possibly  at  first  be  supposed.  In  a  cat 
that  finished  eating  fifteen  grams  of  bread  at  10.52  A.M.,  the  waves 
were  running  regularly  at  11.00  o'clock.  The  stomach  was  not  free 
from  food  until  6.12  P.M.  During  that  time  the  cat  was  fastened  to 
the  holder  at  intervals  of  half  an  hour  and  the  waves  were  always 
observed,  following  one  another  in  slow  and  monotonous  succession. 
At  the  rate  of  three  hundred  and  sixty  an  hour,  approximately  two 
thousand  six  hundred  waves  passed  over  the  antrum  during  that 
single  digestive  period. 

From  the  above  review,  it  will  be  manifest  that  my  observations  of 
the  movements  of  the  pyloric  part  agree  closely  with  those  of  Ross- 
bach,  but  differ  considerably  from  the  harmonious  results  of  the  work 
of  Beaumont,  and  Hofmeister  and  Schiitz.  Beaumont's  methods, 
however,  may  be  justly  criticised  on  the  ground  that  the  thermometer- 
tube  which  he  held  in  the  stomach  was  wholly  unlike  food  andf  very 
liable  to  bring  about  unwonted  contractions  in  so  sensitive  an  organ 


368  fV.  B.  Cannon, 

as  the  stomach.  Further,  the  movements  observed  by  Hofmeister 
and  Schtitz,  as  Ewald  has  pointed  out,^  may  easily  have  resulted  from 
the  abnormal  stimulus  due  to  lack  of  blood  —  a  potent  cause  of  per- 
istalsis. And  it  will  be  shown  later  that  the  accounts  given  by  these 
investigators  describe  very  well  the  actions  of  the  stomach  when  stimu- 
lated by  an  unusual  irritant.  In  this  connection  it  may  be  added  that 
since  the  publication  of  the  preliminary  notice  of  my  work,^  Roux  and 
Bathazard,^  using  the  Rontgen  rays,  have  published  the  results  of 
observations  on  the  stomachs  of  the  dog  and  man,  similar  to  those 
thus  far  described  in  this  paper. 

The  fact  that  my  observations  and  those  of  Roux  and  Bathazard 
were  conducted  under  normal  conditions,  and  that  the  conditions  of 
Rossbach's  experiments  were  more  nearly  normal  than  those  of  the 
other  observers  mentioned,  warrants  the  conclusion  that  the  pyloric 
part  has  a  more  important  function  than  that  of  merely  expelling  the 
contents  of  the  stomach  into  the  intestines.  After  summarizing  the 
description  given  by  Hofmeister  and  Schiitz,  Ewald,  for  a  priori  rea- 
sons, declares :  "  I  cannot  accept  this  view.  The  plain  fact  that  the 
pyloric  portion  secretes  a  strongly  digesting  fluid  containing  pepsin 
and  hydrochloric  acid,  proves  it  to  be  an  important  part  for  the  pep- 
tonizing function  of  the  stomach."  *  The  account  of  the  remarkable 
manner  in  which  the  pyloric  portion  performs  this  function  must  be 
deferred  until  the  movements  of  other  parts  of  the  stomach  have  been 
considered. 

2.  Movements  of  the  Pyloric  Sphincter.  —  Rossbach^  mars  his 
otherwise  careful  work  by  declaring  that  the  pylorus  is  tightly  closed 
during  the  whole  digestive  period  of  from  four  to  eight  hours ;  and 
that  then  the  sphincter  relaxes  and  the  peristaltic  waves  empty  the 
stomach.  That  this  is  not  the  normal  action  of  the  sphincter  has 
been  shown  by  several  observers.  Hirsch®  watched  dogs  with 
duodenal  fistulas  and  saw  food  come  from  the  stomach  at  intervals 
of  one-fourth  of  a  minute  to  several  minutes.     Roux  and  Bathazard  " 

1  Ewald  :  Lectures  on  digestion.     London,  1891,  p.  66. 

2  Cannon:  Science,  June  11,  1897,  p.  902. 

'  Roux  et  Bathazard:  Comptes  rendus  de  la  soc.  de  biologic,   1897,  10  S, 
iv,  pp.  704,  785,  and  Archives  de  physiologic,  1898,  5  S,  x,  p.  85. 

*  Ewald:  loc.  cit.^  p.  d*], 

*  RossBACH  :  Deutsches  Archiv  fiir  khnische  Medicin,  1890,  xlvi,  p.  3^7- 
«  Hirsch:  Centralblatt  fiir  klin.  Medicin,  1892,  xiii,  p.  994. 

^  Roux  et  Bathazard  :  Comptes  rendus  de  la  soc.  de  biologic,  1897,  10  S,. 
iv,  p.  705. 
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maintain  that  in  dogs  food  enters  the  duodenum  at  the  completion 
of  each  wave  of  constriction.  Observations  on  the  cat,  however, 
do  not  support  their  view,  but  agree  rather  with  the  statement  of 
Hirsch. 

In  cats  fed  with  bread  mixed  with  subnitrate  of  bismuth,  ten  or 
fifteen  minutes  elapse  after  the  first  constriction  in  the  antrum  before 
any  food  can  be  seen  in  the  duodenum.  When  food  does  appear  it 
is  spurted  through  the  pylorus  and  shoots  along  the  intestine  for  two 
or  three  centimetres.  Not  every  constriction-wave  forces  food  from 
the  antrum.  On  one  occasion,  about  an  hour  after  the  movements 
began,  three  consecutive  waves  were  seen,  each  of  which  squirted 
food  into  the  duodenum.  The  pylorus  remained  closed  against  the 
next  eight  waves,  opened  for  the  ninth,  but  closed  once  more  against 
the  tenth  and  eleventh.  For  each  of  the  four  succeeding  waves  the 
sphincter  relaxed,  but  blocked  the  food  brought  by  three  constrictions 
that  followed ;  and  in  this  irregular  way  the  food  continued  passing 
from  the  stomach.  Near  the  end  of  gastric  digestion,  when  the  con- 
strictions are  very  deep,  it  may  be  that  the  pylorus  opens  for  every 
wave. 

When  a  hard  bit  of  food  reaches  the  pylorus,  the  sphincter  closes 
tightly  and  remains  closed  longer  than  when  the  food  is  soft.  This 
action  of  the  sphincter  was  shown  by  giving  with  the  regular  food  of 
the  cat  a  dry,  hard  pellet  of  equal  parts  of  starch  paste  and  bismuth 
subnitrate,  about  the  size  of  a  pea.  The  food  itself  contained  merely 
enough  bismuth  to  throw  a  dim  shadow,  near  the  centre  of  which  the 
pellet  could  be  clearly  seen  as  a  dark  object.  The  continual  passing 
of  the  contraction-waves  finally  brought  the  little  ball  to  the  pylorus. 
When  it  arrived  there,  five  grams  of  bismuth  subnitrate  were  intro- 
duced into  the  stomach  through  a  tube  in  the  oesophagus.  Tliis  was 
done  in  order  that  the  food  passing  into  the  intestines  after  the  ball 
came  to  the  pylorus,  might  be  distinguished  from  that  which  had  gone 
on  before.  By  kneading  the  stomach  the  bismuth  was  distributed,  as 
shown  by  the  uniformly  black  shadow.  The  pellet  could  still  be  seen 
near  the  end  of  the  antrum  when  the  constrictions  passed  over  it. 
Now,  although  the  waves  continued  to  run  regularly,  the  very  black 
food  did  not  gather  in  the  intestines  in  sufficient  amount  to  be  recog- 
nized until  forty-two  minutes  after  it  had  been  introduced.  And  when, 
finally,  the  food  did  show  itself  in  the  intestines,  its  shadow  contrasted 
strongly  with  that  of  the  food  which  had  already  passed  on.     The 

slowness  of  the  expulsion  is  not  to  be  regarded  as  wholly  due  to  the 
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Figure  3. 


hard  mass.  No  doubt  the  knead- 
ing of  the  stomach  mixed  the  con- 
tents of  different  parts  of  the  organ 
and  brought  to  the  pylorus  food 
not  yet  sufficiently  digested  to  be 
passed  by  that  selective  sphincter. 
But  this  does  not  explain  the  whole 
delay.  Food  similar  to  that  given 
here  except  that  it  contained  no 
hard  particles  has  usually  been  seen 
as  small  masses  in  the  intestines 
within  fifteen  minutes  after  being 
swallowed.  A  part  of  the  delay 
was  evidently,  therefore,  caused  by 
the  hard  pellet.  Further  evidence 
on  this  point  was  secured  when, 
on  one  occasion,  the  sphincter  was 
seen  to  open  only  seven  times  in 
twenty  minutes  following  the  arri- 
val of  a  hard  particle  of  food  at 
the  pylorus.  The  conclusion  may 
therefore  be  drawn  that  hard  mor- 
sels keep  the  pylorus  closed  and 
hinder  the  passage  of  the  food  into 
the  duodenum. 

3.  Activity  of  the  Cardiac  Portion. 
—  The  part  played  by  the  fundus 
apparently  has  not  hitherto  been 
properly  appreciated.  It  has  been 
regarded  as  the  place  for  peptic 
digestion  or  as  a  passive  reservoir 
for  food;  but  it  is  in  fact  a  most 
interestingly  active  reservoir. 

The  action  of  the  cardiac  por- 
tion will  be  best  understood  by 
comparing  the  appearances  the 
stomach  presents  at  various  stages 
in  a  digestive  period.  In  order  to 
show  these  stages  I  carefully  made 
a  set  of  three  tracings  of  the  out- 
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lines  of  the  stomach  as  soon  as  possi- 
ble after  a  cat  had  finished  eating,  and 
another  set  of  three  every  half  hour 
thereafter,  until  the  contents  had  disap- 
peared (Figs.  3,  4,  and  5).  These  trac- 
ings were  made  by  placing  white  tissue 
paper  over  the  fluorescent  screen,  and 
drawing  with  a  thick  lead  pencil,  easily 
seen,  as  much  of  the  boundary  of  the 
stomach  as  I  could  at  the  end  of  each 
expiration.  Between  the  times  for  mak- 
ing the  drawings  the  cat  was  allowed 
to  rest  quietly  on  a  mat,  but  care  was 
taken  to  lay  her  in  the  same  position 
on  the  hdlder  for  every  drawing.  The 
drawings  of  each  set  were  afterwards 
fastened  over  one  another,  so  that  the 
lines  coincided  as  closely  as  possible. 
Another  piece  of  tissue  paper  was  then 
put  over  these,  and  all  four  sheets  were 
laid  on  an  illuminated  pane  of  glass. 
It  was  thus  easy  to  get  a  composite 
tracing,  which,  considering  the  move- 
ment imparted  to  the  stomach  by  res- 
piration, and  the  dimness  of  the  shadows 
in  the  later  stages  of  digestion,  probably 
represents  more  exactly  than  any  single 
drawing  the  outline  of  the  stomach  for 
each  successive  period. 

A  comparison  of  these  drawings  shows 
that  as  digestion  proceeds  the  antrum 
appears  gradually  to  elongate  and  ac- 
quire a  greater  capacity,  and  that  the 
constrictions  make  deeper  indentations 
in  it.  But  when  the  funduS/  has  lost 
most  of  its  contents,  the  longitudinal  and 
circular  fibres  of  the  antrum  contract 
to  make  it  again  shorter  and  smaller. 
Its  change  of  form,  however,  compared 
with  the  rest  of  the  stomach,  is  slight. 


Figure  4. 


372 


W.  B.  Cannon 


Figure  5.  —  Figures  3,  4,  and  5 
present  outlines  of  the  shadow 
of  the  contents  of  the  stomach 
cast  on  a  fluorescent  screen  by 
the  Rontgen  rays.  The  draw- 
ings were  made  by  tracing  the 
outline  of  the  shadow  on  tissue 
paper  laid  upon  the  fluorescent 
surface,  and  are  about  one-half 
the  actual  size.  They  show 
the  change  in  the  appearance 
of  the  stomach  at  intervals  of 
half  an  hour,  from  the  time 
of  eating  until  the  stomach  is 
nearly  empty. 


The  first  region  to  decrease  markedly  in 
size  is  the  preantral  part  of  the  pyloric  por- 
tion. The  peristaltic  undulations,  caused 
by  the  circular  fibres,  start  at  the  begin- 
ning of  this  portion,  and  gradually,  by  their 
rhythmic  recurrence,  press  some  of  the 
contents  into  the  antrum.  As  the  process 
continues,  the  smooth  muscle  fibres  with 
their  remarkable  tonicity  contract  closely 
about  the  food  that  remains,  so  that  the 
middle  region  comes  to  have  the  shape  of 
a  tube  (Fig.  4—1.30  P.  M.  to  2.30  P.  M.), 
with  the  rounded  fundus  at  one  end  and 
the  active  antrum  at  the  other.  Along 
the  tube  very  shallow  constrictions  may  be 
seen  following  one  another  to  the  pylorus. 

At  this  juncture  the  longitudinal  fibres 
which  cover  the  fundus  like  radiating  fin- 
gers, and  the  circular  and  oblique  fibres 
reaching  in  all  directions  about  this  spheri- 
cal region,  begin  to  contract.  Thus  the 
contents  of  the  fundus  are  squeezed  into 
the  tubular  portion.  This  process,  accom- 
panied by  a  slight  shortening  of  the  tube, 
goes  on  until  the  shadow  cast  by  the  fundus 
is  almost  wholly  obliterated  (Fig.  5  —  5.30 
P.M.). 

The  waves  of  constriction  moving  along 
the  tubular  portion  press  the  food  onward 
as  fast  as  they  receive  it  from  the  contract- 
ing fundus ;  and  when  the  fundus  is  at  last 
emptied  they  sweep  the  contents  of  the  tube 
into  the  antrum  (Fig.  5  —  5.00  P.M.  to  6.00 
P.M.).  Here  the  operation  is  continued  by 
the  deeper  constrictions  till  finally  (in  this 
instance,  at  6.12  P.  M.)  with  the  exception 
of  a  slight  trace  of  food  in  the  fundus, 
nothing  is  to  be  seen  in  the  stomach  at 
all. 

The  food  in  the  fundus  may  possibly  be 
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slightly  affected  by  the  to-and-fro  movements  of  the  diaphragm  in 
respiration.  With  normal  breathing  the  upper  border  of  the  cardiac 
portion  swings  through  about  one  centimetre ;  with  dyspnoea,  or  deep 
breathing,  through  one  and  a  half  or  two  centimetres.  Since  the 
lower  border  does  not  move  so  much,  the  contents  are  gently  pressed, 
and  then  released  from  pressure,  at  each  respiration.  The  pyloric 
portion  is  moved  very  little  by  the  diaphragm,  the  oscillation  being 
less  than  a  half  centimetre. 

Moritz  ^  has  pointed  out  the  value  of  an  organ  like  the  stomach  for 
holding  the  bulk  of  the  food  and  serving  it  out  a  little  at  a  time  so 
that  the  intestines  may  not  become  congested  during  their  digestive 
and  absorptive  processes.  All  of  the  advantages  supposed  to  be  thus 
secured  to  the  intestines  may  be  claimed  also  for  the  stomach  itself 
For  the  preceding  description  indicates,  and  experiments  to  be  de- 
scribed later  prove,  that  the  stomach  is  composed  of  two  physiolog- 
ically distinct  portions :  the  busy  antrum,  over  which  during  digestion 
constriction-waves  are  running  in  continuous  rhythm ;  and  the  cardiac 
part,  which  is  an  active  reservoir,  pressing  out  its  contents  a  little  at 
a  time  as  the  antral  mechanism  is  ready  to  receive  thqm.* 

V.  The  Movements  of  the  Stomach  in  Vomiting. 

The  appearance  of  the  stomach'  during  vomiting  has  been  studied 
particularly  by  Openchowski.^  He  says  that  when  an  emetic  is  given 
there  follows  a  quivering  of  the  stomach  wall,  which,  beginning  near 
the  pylorus,  shows  itself  later  in  the  antral  and  middle  regions  of  the 
stomach.  The  quivering  afterwards  passes  into  a  contraction,  most 
strongly  marked  in  the  antral  part,  since  the  peristaltic  waves  running 
down  to  the  antrum  from  above  are  continually  growing  deeper.  At 
the  same  time  the  fundus  expands  spherically.  The  increased  con- 
traction in  the  pyloric  part  drives  the  contents  towards  the  more 
dilated  portion,  and  thence  they  are  forced  into  the  oesophagus  by 
abdominal   pressure. 

The  same  phenomena  occur  when  a  cat  is  given  apomorphine  hypo- 

^  Moritz:  Munchener  med.  Wochenschrift,  1895,  xlii,  p.  1146. 

*  By  study  of  the  pressure  at  various  parts  of  the  stomach  in  man,  Moritz 
(Zeitschr.  f.  Biologie,  1895,  xxxii,  p.  359),  and  von  Pfungen  (Cbl.  f.  Physiol,  1887, 
i,  p.  220),  have  inferred  that  the  fundus  must  be  quiet  and  that  the  motor  func- 
tions are  performed  by  the  pyloric  part.  Leven  has  also  expressed  the  same  con- 
clusion :  Traits  des  maladies  de  Testomac,  Paris,  1879,  p.  16. 

»  Openchowski  :  Archiv  fur  Physiologie,  1889,  p.  552. 
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dcrmatically.  First  the  upper  circular  muscles  relax  and  become 
so  flaccid  that  the  slightest  movement  of  the  abdomen  changes  the 
form  of  the  fundus.  Then  there  are  apparently  irregular  twitchings 
of  the  fundus  wall.  Soon  a  deep  constriction  starts  about  three  centi- 
metres below  the  cardia,  and,  growing  in  strength,  moves  toward  the 
pylorus.  When  it  reaches  the  transverse  band  the  constriction 
tightens  and  holds  fast,  while  a  wave  of  contraction  sweeps  over  the 
antrum.  Another  similar  constriction  follows.  In  the  interval  the 
transverse  band  relaxes  slightly,  but  tightens  again  when  the  second 
wave  reaches  it.  Perhaps  a  dozen  such  waves  pass;  then  a  firm  con- 
traction at  the  beginning  of  the  antrum  completely  divides  the  gastric 
cavity  into  two  parts.  This  same  division  of  the  stomach  into  two 
parts  at  the  transverse  band  is  to  be  seen  when  mustard  is  given. 
Now,  although  the  waves  are  still  running  over  the  antrum,  the  whole 
preantral  part  of  the  stomach  is  fully  relaxed.  A  flattening  of  the 
diaphragm,  and  a  quick  jerk  of  the  abdominal  mu.scles,  accompanied 
by  the  opening  of  the  cardia,  now  force  the  contents  of  the  fundus 
into  the  oesophagus.  As  the  spasmodic  contractions  of  the  abdom- 
inal muscles  are  repeated,  the  gastric  wall  again  tightens  around  the 
contained  food.  Antiperistalsis  1  have  seen  only  once ;  then,  while 
the  cat  was  retching,  a  constriction  started  at  the  pylorus  and  ran 
back,  over  the  antrum,  completely  obliterating  the  antral  cavity. 

It  will  be  recalled  that  the  principal  difference  between  the  move- 
ments of  the  stomach  and  their  effects  as  described  by  Beaumont,  and 
Hofmeister  and  Schiitz  on  the  one  hand,  and  Rossbach,  Roux  and 
Bathazard,  and  myself  on  the  other  hand,  is  that  the  former  observed 
constrictions  completely  dividing  the  stomach  at  the  transverse  band, 
and  the  antrum  then  squeezing  its  contents  into  the  intestines; 
whereas  the  latter  have  seen  the  constrictions  moving  forward  as 
narrowing  rings,  but  not  separating  the  gastric  cavity  into  two 
parts. 

With  the  exception  of  peristalsis  in  the  antrum,  the  gastric  move- 
ments at  the  beginning  of  emesis  are  almost  exactly  the  same  as  those 
Beaumont,  and  Hofmeister  and  Schiitz,  declare  to  be  the  normal  con- 
tractions of  the  stomach.  Their  observations  were  made,  however, 
when  the  organ  was  subjected  to  unnatural  stimulation.  In  the  ex- 
cised stomach,  observed  by  Hofmeister  and  Schiitz,  not  only  were  all 
nervous  connections  severed,  but  likewise  all  flow  of  blood  to  the 
organ  was  entirely  stopped,  and  the  cutting  off  of  the  blood  supply  is 
regarded  as  one  of  the  most  powerful  predisposing  causes  of  peristal- 
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tdc  action.^  The  thermometer-tube  used  by  Beaumont  was  an  irritant 
to  the  stomach,  as  he  himself  admits.  "  If  the  bulb  of  the  thermom- 
eter/' he  writes,^  **  be  suffered  to  be  drawn  down  to  the  pyloric  ex- 
tremity, and  retained  there  for  a  short  time,  or  if  the  experiments 
be  repeated  too  frequently,  it  causes  severe  distress,  and  a  sensation 
like  cramp,  or  spasm,  which  ceases  on  withdrawing  the  tube,  but 
leaves  a  sense  of  soreness  and  tenderness  at  the  pit  of  the  stomach." 
Moritz  also  noticed  that  a  rubber  sound  introduced  into  the  human 
stomach  proved  to  be  a  source  of  irritation.^  It  seems  reasonable 
to  suppose,  therefore,  that  these  observers  did  not  see  the  normal 
movements,  but  the  actions  resulting  from  abnormal  irritation. 

VI.   The  Effect  of  the  Movements  of  the  Stomach 

ON  the  Food. 

In  my  first  observations  on  the  active  stomach  a  bulging  of  the 
stomach-wall  was  to  be  seen  in  front  ol  the  passing  waves.  But  as 
food  did  not  immediately  appear  in  the  intestine,  and  as,  after  the 
pylorus  relaxed,  the  gastric  contents  did  not  diminish  rapidly  enough 
to  allow  the  supposition  that  all  of  the  food  squeezed  forward  by  the 
waves  was  immediately  forced  through  the  pylorus,  it  was  assumed 
that  a  part,  at  least,  of  the  food  under  pressure  was  forced  back  to- 
wards the  cardia  through  the  constriction-ring.  This  inference  was 
stated  in  the  preliminary  notice  of  my  work.*  Roux  and  Bathazard 
also  observed  the  passage  of  the  undulations  over  the  pyloric  part, 
but  state  merely  that  the  function  of  the  constrictions  is  the  propul- 
sion of  food  into  the  intestine,  without  mentioning  what  must  be 
regarded  as  a  very  important  function,  namely,  the  mixing  effect  of 
the  waves. 

Mpst  writers  have  agreed  that  the  result  of  the  active  and  passive 
movements  of  the  stomach  is  to  force  the  contents  hither  and  thither, 
thus  mixing  them  and  the  gastric  juice  together.  Two  observers, 
Beaumont  and  Brinton,  have  attempted  to  explain  the  manner  of  the 
mixing.  Beaumont,  after  noting  how  the  thermometer-tube,  used  by 
him  to  indicate  the  gastric  motions,  was  affected,  describes  the  circu- 
lation of  the  food  as  follows :  "  The  bolus  as  it  enters  the  cardia  turns 

^  Mall:  A  study  of  the  intestinal  contraction.  Johns  Hopkins  hospital  re- 
ports, i,  p.  70. 

*  Beaumont  :  loc,  cit.,  p.  105. 

*  Moritz:  Zeitschr.  f.  Biologie,  1895,  xxxii,  p.  369. 

*  Cannon:  Science,  June  11,  1897,  p.  902. 
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to  the  left ;  passes  the  aperture ;  descends  into  the  splenic  extremity ; 
and  follows  the  great  curvature  towards  the  pyloric  end.  It  then 
returns,  in  the  course  of  the  small  curvature,  makes  its  appearance 
again  at  the  aperture,  in  its  descent  into  the  great  curvature,  to 
perform  similar  revolutions."  ^  Brinton  ^  bases  his  theory  of  the  cir- 
culation of  the  food  on  an  analogy  between  the  movement  of  a  con- 
striction over  the  stomach,  and  the  passage  of  a  septum  with  a  central 
perforation  along  the  interior  of  a  cylinder  full  of  liquid.  The  result 
in  both  cases,  he  declares,  must  be  a  peripheral  current  of  advance, 
and  a  central  current  of  return.  Thus  in  the  stomach  there  would  be 
peripheral  currents  from  the  cardia  along  the  walls  of  the  stomach 
to  the  pylorus,  where  they  would  unite  and  run  as  an  axial  current 
back  to  the  cardia. 

Certain  a  priori  objections  may  be  urged  against  each  of  these  con- 
clusions. In  the  first  place,  Beaumont's  observations  were  made  on 
a  subject  having  a  gastric  fistula,  and  the  adhesions  between  the 
stomach  and  the  abdominal  wall  would  prevent  the  fundus  from 
acting  quite  normally  in  relation  to  its  contents.  Beaumont's  con- 
clusions, furthermore,  are  based  on  the  movements  of  a  thermometer- 
tube  introduced  through  the  fistula,  and  on  the  recognition  of  particles 
of  food  which  he  had  seen  before  as  they  passed  the  fistulous  open- 
ing: the  first  method,  as  has  been  shown,  made  the  conditions  in  the 
stomach  more  abnormal  than  they  were  previously ;  the  second  gave 
uncertain  knowledge  of  the  course  of  the  food  when  out  of  the  ob- 
server's sight.  Brinton's  hypothesis  states  the  probable  movements 
of  fluid  contents  acted  on  by  a  passing  constriction.  But  it  may  be 
objected  that  the  conditions  assumed  by  him  do  not  exist  in  all  parts 
of  the  stomach.  For,  not  only  is  there  no  peristalsis  visible  in  the 
fundus,  but  with  the  usual  food  the  fundus  contents  are  not  liquid. 
Moreover,  the  constrictions  at  the  beginning  of  the  pyloric  portion 
are  very  slight,  and  move  slowly.  The  food  in  front  of  them  is,  ac- 
cordingly, not  under  much  greater  pressure  than  the  food  behind 
them.  The  axial  current  which  might  result,  therefore,  could  not  be 
strong  enough  to  go  far  into  the  cardiac  portion. 

It  is  easily  possible  to  test  experimentally  the  validity  of  these  two 
theories  by  watching  the  action  of  pieces  of  food  which  throw  a 
black  shadow  in  a  dimly-outlined  stomach.  For  this  purpose  little 
paste  pellets  of  bismuth  subnitrate,  with  starch  enough  to  keep  the 

1  Beaumont:  he.  cit.,  p.  loi. 

^  Brinton  :  The  diseases  of  the  stomach.     Philadelphia,  1865,  p.  24. 
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form,  were  given  with  the  customary  meal.  These  pellets,  it  was 
found,  did  not  break  up  in  the  stomach  during  the  gastric  digestion 
of  soft  bread.  Several  times  I  have  been  fortunate  in  getting  two  of 
the  little  balls  in  the  axis  of  the  stomach  and  about  a  centimetre 
apart.  As  the  constriction-wave  approached  them,  both  moved  for- 
ward, but  not  so  rapidly  as  the  wave.  Now  when  the  constriction 
overtook  the  first  ball,  the  ball  moved  backward  through  the  con- 
stricted ring,  in  the  direction  of  least  resistance.  The  wave  then 
overtook  the  second  ball,  and  it  also  passed  backward  to  join  its 
fellow.  At  the  approach  of  the  next  wave  they  were  both  pushed  for- 
ward once  more,  only  to  be  again  forced  backward,  one  at  a  time, 
through  the  narrow  orifice.  As  the  waves  recurred  in  their  persistent 
rhythm,  the  balls  were  seen  to  be  making  progress  —  an  oscillating 
progress  —  towards  the  pylorus ;  for  they  went  forward  each  time  a 
little  farther  than  they  retreated.  This  to-and-fro  movement  of  the 
pellets  was  much  more  marked  in  the  antrum,  where  the  waves  were 
deep,  than  in  the  middle  region.  On  different  occasions  from  nine  to 
twelve  minutes  have  elapsed  while  the  balls  were  passing  from  where 
the  waves  first  affected  them  to  the  pylorus ;  which  means  that  on 
the  way  they  were  moved  back  and  forth  by  more  than  a  half  hun- 
dred constrictions. 

If  the  pylorus  does  not  relax,  it  is  evident  that  a  wave  approaching 
it  pushes  the  food  into  a  blind  elastic  pouch,  the  only  exit  from  which 
is  through  the  advancing  constricted  ring.  The  constrictions  are 
deeper  near  the  end  of  the  antrum,  and  the  rings  are  small ;  conse- 
quently the  food  is  squirted  back  through  them  with  considerable 
violence.  As  has  been  noted,  the  pylorus  opens  less  frequently  for  a 
while  after  a  solid  piece  of  food  comes  to  it.  In  such  a  case  the  slow 
driving  waves  squeeze  the  hard  morsel  and  the  soft  food  about  it  up 
to  the  sphincter,  only  to  have  the  whole  mass  shoot  back,  sometimes 
half  way  along  the  antrum.  Over  and  over  again  the  process  is 
repeated  till  the  sphincter  at  last  opens  and  allows  the  more  fluid 
parts  to  pass.  Hofmeister  and  Schiitz,  and  Moritz  have  disclaimed 
any  selective  action  of  the  pylorus,  and  declare  that  solids  are  driven 
from  the  pylorus  to  the  fundus  by  antiperistalsis.  The  action  of  the 
pylorus  which  I  have  seen,  however,  is  more  like  that  described  by 
the  earlier  investigators ;  for  during  digestion  there  was  no  antiperi- 
stalsis, and  the  sphincter,  separating  the  fluids  from  the  solids,  caused 
the  solids  to  remain  and  undergo  a  tireless  rubbing:  Frequently 
when  several  of  these  balls  have  been  given  at  the  same  time,  they 
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have  all  been  seen  in  the  antrum  after  the  stomach  was  otherwise 
empty.  Here  they  remain  to  be  softened  in  time  by  the  juices  or  to 
be  forced  through  the  pylorus  later,  for  solids  do  pass  into  the  intes- 
tine. Thus  when  the  teeth  neglect  their  work  the  stomach  attempts 
to  perform  their  function;  the  relative  inefficiency  of  the  gastric 
method  of  grinding  and  its  interference  with  the  normal  gastric  activ- 
ities point  an  obvious  hygienic  moral. 

During  the  process  of  digestion  the  food  in  the  cardiac  portion 
gives  no  sign  of  currents.  Balls  which  lie  in  the  fundus  immediately 
after  the  food  is  ingested,  keep  their  relative  positions  until  the  cardiac 
portion  begins  to  contract,  and  then  move  very  slowly  towards  the 
antrum.  Moreover,  the  food  in  the  fundus  of  a  cat  has  the  same 
mushy  appearance  when  examined  after  gastric  peristalsis  had  been 
active  for  an  hour  and  a  half  that  it  had  when  ingested.  The  contents 
of  the  antrum,  on  the  other  hand,  look  quite  different  and  have  the 
consistency  of  thick  soup.  The  inactivity  of  the  food  in  the  fundus 
can  also  be  proved  by  feeding  first  five  grams  of  bread  and  bismuth, 
then  five  grams  without  bismuth,  and  finally  five  grams  again  with 
bismuth  in  it.  The  stomach  contents  are  thus  arranged  in  two  dark 
layers  along  the  curvatures,  with  a  light  layer  between.  Tracings 
made  on  tissue  paper  show  that  ten  minutes  after  peristalsis  com- 
menced, the  stratification  had  entirely  disappeared  in  the  pyloric 
part,  but  that  an  hour  and  twenty  minutes  thereafter  the  layers  were 
still  clearly  visible  in  the  cardiac  region. 

The  value  of  the  circulation  of  the  food,  as  described  by  Beaumont 
and  Brinton,  lay  in  the  supposition  that  the  contents  of  the  stomach 
were  thus  brought  near  to  the  secreting  gastric  wall,  and  that  the 
gastric  juice  could  thus  more  readily  exert  its  action.  Although  my 
observations  do  not  support  their  theories  of  mixing  currents  running 
throughout  the  stomach,  they  still  show  that  the  pyloric  portion  is  an 
admirable  device  for  bringing  all  of  the  food  under  the  influence  of  the 
glandular  secretions  of  that  region.  For,  when  a  constriction  occurs, 
the  secreting  surface  enclosed  by  the  ring  is  brought  close  around  the 
food  lying  within  the  ring  in  the  axis  of  the  stomach.  As  this  con- 
striction passes  on,  fresh  areas  of  glandular  tissue  are  continuously 
pressed  in  around  the  narrow  orifice.  And  also,  as  the  constriction 
passes  on,  a  thin  stream  of  gastric  contents  is  continuously  forced 
back  through  the  orifice  and  thus  past  the  mouths  of  the  glands. 
The  result  of  this  ingenious  mechanism  is  that  every  part  of  the 
secreting  surface  of  the  pyloric  portion  is  brought  near  to  every  bit 
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of  food,  before  the  latter  leaves  the  stomach,  a  half  hundred  times  or 
more,  as  evidenced  by  the  moving  ball. 

VII.  Salivary  Digestion  in  the  Stomach. 

The  absence  of  movement  in  the  fundus  would  seem  to  give  the 
food  during  its  stay  there  little  opportunity  to  become  mixed  with 
the  gastric  juices  and  thus  to  undergo  peptic  digestion.  The  truth  of 
this  supposition  can  easily  be  proved  experimentally  by  feeding  a 
slightly  alkaline  meal  and  later  testing  the  chemical  reaction  of  the 
contents  of  various  parts  of  the  stomach.  A  cat  which  had  been 
without  food  for  fifteen  hours  was  given  eighteen  grams  of  mushy 
bread  made  slightly  alkaline  with  sodium  carbonate.  One  hour  and 
a  half  after  the  cat  had  finished  eating,  she  was  killed  and  the  stomach 
laid  bare  by  opening  the  abdomen.  A  very  small  hole  was  then 
made  through  the  wall  in  the  fundus  region,  and  another  similar  hole 
was  made  into  the  antrum.  By  means  of  a  glass  pipette  food  was 
extracted  first  from  the  periphery  of  the  fundus ;  this  food  was  slightly 
acid.  The  cleaned  pipette  was  then  introduced  two  and  a  half  centi- 
metres into  the  fundus  contents  and  the  food  thus  extracted  gave  the 
original  alkaline  reaction.  Specimens  of  the  liquid  contents  of  the 
antral  and  middle  regions,  taken  from  various  depths,  were  all 
strongly  acid.  A  dog  killed  an  hour  and  three-quarters  after  eating 
showed  similar  differences  between  the  reactions  of  the  food  in  the 
fundus  and  the  food  in  the  pyloric  portion.  So,  as  a  matter 
of  fact,  the  food  does  not  become  acid  at  a  uniform  rate  in  all 
parts  of  the  stomach,  as  would  be  the  case  if  Beaumont's  and 
Brinton's  theories  of  mixing  currents  were  true.  Moreover,  if  the 
facts  accorded  with  their  notions,  the  saliva,  which  ceases  to  act  in 
the  presence  of  more  than  0.003  P^r  cent  free  hydrochloric  acid,^ 
and  is  destroyed  when  the  percentage  of  acid  proteids  is  large, 
would  manifestly  have  its  service  as  a  ferment  limited  to  the  relatively 
short  time  during  which  the  stomach  contents,  in  the  process  of 
thorough  mixing,  were  reaching  that  degree  of  acidity.  There  is, 
however,  no  movement  of  food  in  the  fundus,  and  the  alkaline  food 
received  from  the  oesophagus  remains  alkaline  in  this  region  for  a 
considerable  period.  The  nutriment,  therefore,  if  well  chewed  and 
thus  mixed  with  saliva,  can  undergo  salivary  digestion  in  the  fundus 
for  a  considerable  period  without  interference  by  the  acid  gastric 
juice. 

1  Chittenden  and  Smith  :  Chemical  news,  London,  1886,  liii,  p.  173. 
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From  all  these  observations  the  conclusion  must  be  that  the  fundus 
acts  as  a  reservoir  for  the  food,  in  which  the  digestion  of  sugars  and 
starches  may  take  place ;  and  that  the  pyloric  portion  with  its  simple 
but  marvellous  peristaltic  mechanism,  by  a  single  process,  triturates 
the  food,  brings  it  near  to  the  active  glands,  stirs  it  thoroughly  with 
their  secretions,  and  expels  the  products  into  the  intestines. 

VIII.   TnK  Inhibition  of  Stomach  Movements  during 

Emotion. 

Early  in  the  research  a  marked  unlikeness  was  noticed  in  the  action 
of  the  stomachs  of  male  and  female  cats.  The  peristalsis  seen  with 
only  a  few  exceptions  in  female  cats  failed  to  appear  in  most  of  the 
males,  although  both  had  received  exactly  the  same  treatment.  Along 
with  this  difference  was  a  very  striking  difference  in  behavior  when 
bound  to  the  holder ;  the  females  would  lie  quiet,  mewing  occasionally, 
but  purring  as  soon  as  they  were  gently  stroked.  The  males,  on  the 
contrary,  would  fly  into  a  violent  rage,  struggle  to  be  loose  from  their 
fastenings,  bite  at  everything  near  their  heads,  cry  loudly,  and  resist 
all  attempts  to  quiet  them.  On  account  of  this  difference  only  female 
cats  were  used  for  some  time ;  and  the  significance  at  first  attributed 
to  the  action  of  the  males,  was  almost  forgotten  when  the  following 
incident  recalled  it,  and  suggested  that  the  excitement  caused  the  sus- 
pension of  the  stomach  movements.  On  October  23,  1897,  a  n^ale  cat 
was  fed  at  12.00,  but  was  not  placed  on  the  holder  till  ninety 
minutes  later.  The  waves  were  passing  at  the  rate  of  six  a  minute. 
The  cat  fell  into  a  rage  and  the  waves  suddenly  stopped. 

A  few  days  later  an  observation  on  a  female  with  kittens  explained 
the  absence  of  gastric  movements  in  the  males.  While  the  peristaltic 
undulations  were  coursing  regularly  over  the  cat's  stomach,  she  sud- 
denly changed  from  her  peaceful  sleepiness,  began  to  breathe  quickly 
and  struggled  to  get  loose.  As  soon  as  the  change  took  place,  the 
movements  in  the  stomach  entirely  disappeared ;  the  pyloric  portion 
relaxed  and  presented  a  smooth  rounded  outline.  I  continued  observ- 
ing, and  stroked  the  cat  reassuringly.  In  a  moment  she  became  quiet 
and  began  to  purr.  As  soon  as  this  happened  the  movements  com- 
menced again  in  the  stomach ;  first  a  few  constrictions  were  visible 
near  the  end  of  the  antrum,  then  a  few  near  the  sharp  bend  in  the 
lesser  curvature,  and  finally  the  waves  were  running  normally  from 
their  habitual  starting  place.  By  holding  the  cat's  mouth  closed  be- 
tween the  thumb  and  last  three  fingers  and  covering  her  nostrils  with 
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the  index  finger,  she  could  be  kept  from  breathing.  At  the  first  sign 
of  discomfort  the  fingers  were  removed.  This  experiment  was  re- 
peated a  great  many  times  on  different  cats,  and  invariably  the  evi- 
dence of  distress  was  accompanied  by  a  total  suspension  of  the  motor 
activities  of  the  stomach  and  a  relaxation  of  the  antral  fibres. 

No  amount  of  kneading  or  compression  of  the  abdomen  with  the 
fingers,  short  of  making  the  cat  angry,  would  cause  the  waves  to  stop; 
so  that  the  cat's  movements,  in  themselves,  were  not  the  source  of  the 
inhibition.  And  since  expressions  of  strong  feeling  on  the  part  of 
the  animal  always  accompanied  cessation  of  the  constriction-waves, 
the  inhibition  was  probably  due  to  nervous  influence.  It  has  long 
been  common  knowledge  that  violent  emotions  interfere  with  the 
digestive  process,  but  that  the  gastric  motor  activities  should  manifest 
such  extreme  sensitiveness  to  nervous  conditions  is  surprising. 

Summary. 

1.  By  mixing  a  harmless  powder,  subnitrate  of  bismuth,  with  the 
food,  the  movements  of  the  stomach  can  be  seen  by  means  of  the 
Rontgcn  rays 

2.  The  stomach  consists  of  two  physiologically  distinct  parts :  the 
pyloric  part  and  the  fundus;  over  the  pyloric  part,  while  food  is 
present,  constriction-waves  are  seen  continually  coursing  towards  the 
pylorus;  the  fundus  is  an  active  reservoir  for  the  food,  and  squeezes 
out  its  contents  gradually  into  the  pyloric  part. 

3.  The  stomach  is  emptied  by  the  formation,  between  the  fundus 
and  the  antrum,  of  a  tube  along  which  constrictions  pass.  The  con- 
tents of  the  fundus  are  pressed  into  the  tube  and  the  tube  and  antrum 
slowly  cleared  of  food  by  the  waves  of  constriction. 

4.  The  food  in  the  pyloric  portion  is  first  pushed  forward  by  the 
running  wave,  and  then  by  pressure  of  the  stomach  wall  is  returned 
through  the  ring  of  constriction ;  thus  the  food  is  thoroughly  mixed 
with  gastric  juice,  and  is  forced  by  an  oscillating  progress  to  the 
pylorus. 

5.  The  food  in  the  fundus  is  not  moved  by  peristalsis  and  conse- 
quently it  is  not  mixed  with  the  gastric  juice ;  salivary  digestion  can 
therefore  be  carried  on  in  this  region  for  a  considerable  period  with- 
out being  stopped  by  the  acid  gastric  juice. 

6.  The  pylorus  does  not  open  at  the  approach  of  every  wave,  but 
only  at  irregular  intervals.     The  arrival  of  a  hard  morsel  causes  the 
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sphincter  to  open  less  frequently  than  normally,  thus  materially  inter- 
fcrini^  with  the  passage  of  the  already  liquefied  food. 

7.  Solid  food  remains  in  the  antrum  to  be  rubbed  by  the  constric- 
tions until  triturated,  or  to  be  softened  by  the  gastric  juice,  or  later  it 
may  be  forced  into  the  intestine  in  the  solid  state. 

8.  The  constriction-waves  have,  therefore,  three  functions:  the 
mixing,  trituration,  and  expulsion  of  the  food. 

9.  At  the  beginning  of  vomiting  the  gastric  cavity  is  separated  into 
two  parts  by  a  constriction  at  the  entrance  to  the  antrum ;  the  cardiac 
portion  is  relaxed  and  the  spasmodic  contractions  of  the  abdominal 
muscles  force  the  food  through  the  opened  cardia  into  the  oesophagus. 

10.  The  stomach  movements  are  inhibited  whenever  the  cat  shows, 
signs  of  anxiety,  rage,  or  distress. 


CONTRIBUTIONS  TO  THE  PHYSIOLOGY  OF  THE 
CARDIAC  NERVES  IN  THE  GUINEA-PIG. 

By  D.  W.  HARRINGTON,  A.M.,  M.D. 

[From  the  Physiological  Laboratory  of  Columbia   University ^  at  the  College  of  Physicians 

and  Surgeons ^  New  York^ 

WHILE  the  guinea-pig  has  been  used  largely  in  experimental 
pathology,  it  seems  to  have  been  used  little  as  yet  in  physio- 
logical research;  in  the  literature  to  which  I  have  had  access  I 
have  noticed  but  two  references  to  the  physiology  of  the  heart  or  of 
the  cardiac  nerves  of  this  animal.  In  papers  published  by  Legros 
and  Onimus  ^  and  by  MacWilliam  ^  references  are  made  to  the  effect 
upon  the  heart  of  stimulating  the  vagus  nerve  in  the  guinea-pig ;  it 
is  evident,  however,  that  their  experiments  upon  this  animal  were  very 
limited  in  number.  The  fact  that  the  guinea-pig  is  used  so  exten- 
sively in  experimental  pathology  may  give  some  interest  to  the  exper- 
iments described  in  this  paper. 

I.  Method  of  Experimenting. 

The  guinea-pigs  used  in  these  experiments  were  of  various  sizes ; 
the  average  weight,  however,  was  584  grams.  Animals  of  both 
sexes  and  of  various  ages  were  used. 

AfKBsthetics,  The  animals  were  thoroughly  anaesthetized  in  all  cases. 
The  anaesthetics  used  in  the  various  experiments  were  ether,  given  by 
inhalation ;  chloral  hydrate,  opium,  and  morphine,  these  three  given 
subcutaneously,  either  singly  or  in  various  combinations.  When 
chloral  was  used  alone,  0.5  gram  was  given  a  short  time  before 
beginning  the  operation.  Smaller  doses  were  given  as  required  dur- 
ing the  experiment.  Of  opium  and  chloral  I  have  used  i  cubic  cen- 
timetre of  the  deodorized  tincture  of  opium  combined  with  0.25 
gram  of  chloral ;  of  morphine  and  chloral  I  have  used  0.005  gram 
of  morphine  combined  with  0.25  gram  of  chloral.  It  is  usually 
advisable  to  give  a  little  ether  by  inhalation  while  the  dissection  is 
performed. 

^  Legros  et  Onimus  :  Journal  de  Tanatomie  et  de  la  physiologie,  1872,  pp.  575 
and  578. 

*  MacWilliam:  Journal  of  physiology,  1888,  ix,  p.  387. 
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Recording  of  blood-pressure.  The  blood-pressure  was  measured  by 
means  of  a  cannula  inserted  into  the  proximal  stump  of  one  of  the 
carotid  arteries.  As  the  arteries  of  the  guinea-pig  are  very  small  and 
the  tissues  very  delicate,  the  insertion  of  a  cannula  into  one  of  the 
carotids  frequently  offers  difficulties.  The  following  method  was 
found  to  be  of  great  assistance  in  performing  this  operation.  After 
the  artery  had  been  dissected  from  the  sheath  it  was  clamped  and 
divided  and  a  fine  silk  thread  was  tied  to  the  proximal  stump  just 
above  the  point  at  which  the  opening  in  the  artery  for  the  cannula 
was  to  be  made.  The  artery  was  then  lifted  from  the  wound  and 
slightly  stretched,  and  the  thread  attached  to  the  artery  was  held  in 
the  operator's  teeth,  —  a  procedure  which  left  one  hand  free  for  the 
use  of  the  forceps  and  the  other  to  hold  the  cannula.  Moreover^ 
taking  the  thread  in  the  teeth  seems  to  inhibit  the  ordinary  reflexes 
of  the  operator's  body  and  thus  he  is  better  enabled  to  work  with  a 
steady  hand.  The  blood-pressure  was  recorded  by  a  mercurial  ma- 
nometer on  the  smoked  paper  of  a  drum-kymograph,  the  fineness  of 
the  tracing  usually  obtained  being  too  great  for  the  use  of  ink  to  be 
satisfactory.  For  excitation  of  the  nerves  the  faradic  current  of  an 
ordinary  du  Bois-Reymond  induction  coil  was  used ;  the  current  for 
the  primary  coil  was  obtained  from  an  electric-light  dynamo,  and  was 
maintained  at  a  little  less  than  one  ampire,  by  throwing  in  the  neces- 
sary amount  of  resistance.  The  interruption  of  the  primary  current 
was  by  Neef  s  electro-magnetic  hammer.  Small  shielded  electrodes 
of  platinum  were  used. 

Normal  blood-pressure.  The  average  mean  blood-pressure  (corrected 
for  the  weight  of  the  solution  of  sodium  carbonate)  as  determined 
upon  guinea-pigs  anaesthetized  by  one  or  more  of  the  above-men- 
tioned drugs,  was  75  millimetres  of  mercury ;  the  highest  blood-pres- 
sure observed  was  1 1 1  mm.,  the  lowest,  56  mm.  The  average  rate  of 
the  heart-beat  was  200  per  minute,  the  fastest  and  slowest  rates  ob- 
served being  288  and  132  respectively.  The  average  number  of 
respirations  per  minute  of  animals  quiet  in  their  cage  (the  tempera- 
ture of  the  room  being  20°  C.)  was  72  per  minute. 

II.  The  Vagus  Nerve. 

The  vagi  were  investigated  after  exposure  in  the  neck,  where  they 
occupy  about  the  same  anatomical  position  in  the  guinea-pig  as  in 
other  mammals. 
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Section  of  the  vagi.  Section  of  both  vagi  in  the  guinea-pig  seems 
to  have  little  effect  upon  either  the  rate  of  the  heart  or  the  blood- 
pressure.  In  a  few  cases  slight  acceleration  was  noticed  for  a  short 
time  after  the  section;  but  this  usually  gave  place,  within  ten  or 
twenty  seconds,  to  the  normal  rate.  Much  more  frequently  section 
was  followed  by  a  slight  slowing  of  the  rate  of  the  heart  during  the 
first  ten  seconds,  this  probably  being  caused  by  mechanical  stimula- 
tion of  the  inhibitory  fibres.  In  no  case  was  a  rise  of  blood-pressure 
observed  to  follow  section  of  both  vagi.  Thus  the  inhibitory  nerves 
of  the  heart  of  the  guinea-pig  do  not  seem  to  be  in  constant  activity. 

Stimulation  of  tfie  vagus;  effect  of  the  season  upon  the  result.  Meyer 
has  shown  that  the  effect  upon  the  heart  of  stimulation  of  the  vagus 
nerve  is  much  more  marked  in  the  cold-blooded  animals  than  in  the 
warm-blooded  ones,  and  other  investigators  have  confirmed  Meyer's 
conclusions.^  Since  vagus  inhibition  is  less  effective  in  the  case  of 
the  more  frequently  beating  hearts  of  warm-blooded  animals,  the 
question  naturally  suggests  itself  whether  in  such  hearts  as  that  of 
the  guinea-pig,  of  which  the  average  number  of  pulsations  per  min- 
ute is  200,  the  inhibitory  power  of  the  vagi  is  sufficient  to  bring  the 
heart  to  a  standstill. 

My  work  on  the  guinea-pig  was  begun  in  October,  1896.  It  was 
suspended  during  November  and  December  and  resumed  in  January, 
1897.  It  was  continued  through  January,  February,  March,  and 
April.  For  convenience  the  time  may  be  divided  into  two  periods, 
an  early  period,  from  October  until  the  end  of  January,  and  a  later 
period,  including  the  latter  part  of  February,  March,  and  April.  Dur- 
ing each  of  these  two  periods  the  results  of  vagus  stimulation  differed 
quite  markedly  from  the  results  obtained  during  the  other  period,  the 
curve  of  inhibition  being  characteristic  of  the  period  in  which  it  was 
taken.  During  the  first  period,  /.  ^.,  from  October  to  January,  cardiac 
inhibition  from  excitation  of  the  vagi  was  much  less  marked  than 
during  the  second  period  from  February  to  April.  In  no  case  during 
the  first  period  was  I  able  to  bring  the  heart  to  a  standstill,  no  matter 
how  strong  a  current  was  applied  to  the  vagus,  and  I  came  to  the 
conclusion  that  in  at  least  one  of  the  warm-blooded  animals  with  a 
very  frequently  beating  heart,  /.  e.,  the  guinea-pig,  the  inhibitory 
power  of  the  vagus  was  not  sufficient  to  bring  the  heart  to  a  stand- 
still. During  the  first  weeks  in  Februar}',  however,  I  was  surprised  to 
find  that  in  one  guinea-pig  the  heart  was  stopped  by  a  faradic  current 
^  See  Hough:  Journal  of  physiology,  1895,  xviii.  p.  161. 
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of  only  moderate  strength.  For  a  short  time  after  this  I  noticed  that 
in  some  gninea-piys  the  heart  was  stopped  by  a  moderately  strong 
current  (the  secondary  coil  being  at  about  lo  cm.),  whereas  in  others 
the  str<>nt;cst  current  used  (the  secondary  coil  being  at  O  cm.)  was 
unable  to  slop  it.  During  the  latter  part  of  February  and  throughout 
March  and  April  the  heart  was  invariably  brought  to  a  standstill  by 
faradic  currents  of  the  strength  commonly  used  in  physiological  work, 
/.  i\,  just  perceptible  when  applied  to  the  tongue.  In  some  cases 
very  weak  currents,  such  as  are  obtained  when  the  secondar>'  coil 
stands  at  24,  38,  and  30  centimetres  from  the  primary,  sufficed  to 
cause  stoppage. 

The  curves  of  inhibition  obtained  during  the  first  period  differed 
in  several  respects  from  those  obtained  during  the  second  period.  In 
the  former  (see  Fig.  i)  the  slowing  of  the  heart  and  the  fall  of  blood- 


PtGURE  I.  Inhibition  from  stimuUiion  of  (he  left  vagus,  with  the  secondary  coil  at  5  cm. 
Time  in  seconds.  The  line  o(  zeTO  preuure  is  not  shown.  The  writing-points  of  th« 
manometer  and  o£  the  stimulating  key  were  in  the  same  vertical  line. 

pressure  were  gradual ;  the  fall  of  pressure  was  not  very  great  in 
proportion  to  the  norma!  blood -pressure,  which  as  a  rule  was  consider- 
ably higher  during  the  first  than  during  the  second  period.  The 
return  of  the  blood-pressure  and  the  heart-rate  to  the  normal,  after  the 
cessation  of  stimulation,  was  gradual  and  fairly  regular,  and  inhibition 
was  followed  by  comparatively  little  irregularity  of  heart-rate  or  of 
blood -pressure.  On  the  other  hand,  during  the  second  period  the 
stopping  of  the  heart  and  the  fall  of  blood -pressure  were  sudden,  the 
descent  in  the  curve  being  sometimes  almost  vertical  (see  Fig.  2). 
The  blood -pressure  was  very  irregular  after  the  cessation  of  stimula- 
tion, sometimes  failing  to  return  to  the  ordinary  height,  while  more 
frequently  it  rose  far  above  it  and  then  gradually  returned  to  it  or  fell 
below  it. 
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experienced  in  his  own  person  a  certain  diminution  of  vitality  during 
the  spring  months.  It  is  a  well-known  fact  that  persons  suffering 
from  chronic  diseases  are  much  more  Imble  to  die  during  March  and 
April  than  during  other  months  of  the  year;  and  eminent  surgeons 
state  that  major  operations  are  more  liable  to  be  followed  by  death 
during  those  months  than  at  other  seasons.  There  would  seem,  how- 
ever, to  be  some  slight  evidence  in  favor  of  the  view  that  diminution 
of  fresh  air  and  light  during  the  winter  months  is  partially  responsible 
for  this  lack  of  vitality  in  the  guinea-pigs,  from  the  fact  that,  of  the 
last  lot  of  the  guinea-pigs  used,  a  few,  which  had  been  placed  in  the 
sunlight  in  a  specially  well  ventilated  room  for  two  weeks,  showed 
greater  vitality  than  those  of  the  same  lot  kept  elsewhere,  although 
much  less  vitality  than  those  subjected  to  experiment  from  October  to 
January.  Hygienic  influences  alone,  however,  do  not  suffice  to  ex- 
plain the  differences  of  vitality  observed. 

It  seems  clear  from  what  has  been  said  that,  in  the  guinea-pig  at 
least,  the  efficieticy  of  the  stimulation  of  the  inhibitory  nerves  of  the 
heart  is  inversely  proportional  to  the  degree  of  vitality  possessed  by 
the  animal.  In  a  measure  this  agrees  with  the  opinion  expressed  by 
Hough,^  who  states  that  in  his  experiments  upon  cats,  when  the  heart 
from  any  cause  has  been  weakened  and  the  pulse  has  become  feeble, 
stimulation  of  the  vagi  has  been  much  more  effective  than  when  the 
heart  was  vigorous ;  the  slowing  of  the  heart  and  the  fall  of  blood- 
pressure  being  much  more  pronounced.  I  did  not  find,  however, 
that  in  the  guinea-pig  when  the  heart  had  been  weakened  from  pro- 
found anaesthesia,  from  shock,  or  from  loss  of  blood,  stimulation  of 
the  vagi  was  more  efficient,  for  in  no  case  during  the  earlier  period, 
from  October  to  January,  no  matter  what  was  the  condition  of  the 
animal,  did  stimulation  of  the  vagi  stop  the  heart.  Hough  states  that 
in  the  cat  the  heart  can  rarely  be  brought  to  a  complete  standstill,  not 
oftencr,  I  think,  than  once  in  twenty  cases.  I  do  not  know  at  what 
season  of  the  year  his  experiments  were  made,  or  in  what  conditions 
the  animals  upon  which  he  operated  were  kept,  but  in  two  of  three 
experiments  upon  cats  which  I  made  in  April  the  heart  was  brought 
to  a  standstill  and  maintained  at  a  standstill  for  periods  of  half  a 
minute  when  the  vagus  was  stimulated  with  a  faradic  current  of 
moderate  strength. 

After-effects  of  stwiulation  of  one  vagus.     After  the  cessation  of  a 
stimulation  of  the  vagus  during  which  the  heart  had  been  slowed  or 

*  Hough  ;  op,  cit.,  p.  164. 
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brought  to  a  standstill,  the  beat  usually  returned  quickly  to  its  previous 
rate,  and  there  was  neither  a  secondary  acceleration,  as  is  often  observed 
when  the  vagus  of  the  dog  has  been  stimulated,  nor  a  long-continued 
slowing,  such  as  occurs  frequently  when  the  vagus  of  the  opossum  ^  has 
been  stimulated.  The  blood-pressure  after  stimulation  of  the  vagus  was, 
however,  often  very  irregular ;  this  irregularity  was  much  more  marked 
in  the  spring  than  in  the  autumn  or  winter  months.  These  irregulari- 
ties of  the  blood-pressure  were  frequently  accompanied  by  irregulari- 
ties of  the  heart-rate. 

During  the  months  of  the  spring,  however,  there  sometimes  occurred 
even  before  stimulation,  and  without  any  apparent  cause,  marked 
irregularities  of  the  blood-pressure  and  the  heart-rate,  whereas  during 
the  autumn  months  one  of  the  most  striking  characteristics  of  the 
tracing  had  been  the  great  regularity  of  the  blood-pressure  and  of  the 
heart-rate ;  as  a  rule,  the  latter  varied  very  little  in  the  course  of  a 
long  experiment,  but  continued  almost  the  same  till  the  animal  was 
at  the  point  of  death.  In  fact,  during  the  spring  months  there 
seemed  to  be  a  want  of  stability  or  of  general  tone  on  the  part  of 
the  heart  and  perhaps  of  the  vaso-motor  system,  a  condition  which 
seems  to  me  to  resemble  that  which  I  have  observed  in  frogs  in  the 
spring,  when  studying  the  form  of  the  muscle-curve  with  the  pendu- 
lum-myograph :  the  muscle-curves  being  very  irregular  although  the 
conditions  of  the  experiments  were  kept  as  nearly  constant  as 
possible. 

Rise  of  blood-pressure  following  stimulation  of  the  vagus.  At  times, 
after  the  cessation  of  a  stimulation  of  the  vagus  in  the  guinea-pig,  the 
blood-pressure  rose  far  above  its  original  height  (see  Figs.  2  and  3) ; 
in  one  case  it  was  doubled.  The  cause  of  such  a  marked  rise  of 
blood-pressure  following  inhibition  deserves  investigation.  One  ex- 
planation of  this  phenomenon  which  might  be  suggested  is  that 
the  vagus  nerve  is  the  trophic  nerve  of  the  heart,  that  stimulation  of 
this  nerve  causes  constructive  metabolism  to  be  induced  during  the 
period  of  inhibition,  and  that  the  heart  is  thus  "  nursed  into  more 
vigorous  activity."  The  "  good  effects "  upon  the  heart  of  vagus 
inhibition  artificially  induced  in  the  warm-blooded  animals  may,  I 
think,  be  questioned.  My  experience  with  the  guinea-pig  would 
seem  to  support  the  view  that  caution  should  be  used  in  drawing  very 
detailed  conclusions  with  regard  to  specific  physiological  conditions 
in  one  kind  of  animals  from  experimental  work  on   animals  very 

*  Hunt  and  Harrington:  Journal  of  experimental  medicine,  1897,  ii,  p.  715. 
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different  morphologically  and,  in  general,  pliysiologically.  The  in- 
frequently beating  hearts  of  the  cold-blooded  frog  and  turtle  are  very 
different  in  several  respects  from  the  frequently  beating  hearts  of  the 
warm-blooded  rabbit  and  guinea-pig.  The  opinion  that  inhibition 
caused  by  vagus  stimulation  is  beneficial  to  the  heart  is  largely  the 


'uiURE  3.  Three-fifths  the  original  size.  Inhibition  from  stimulation  of  the  right  vagus 
of  the  guinea-pig  with  the  secondary  coil  at  15  cm.  Time  in  seconds.  The  line  of 
icro  pressure  is  not  shown.  The  writing-poinls  of  Ihe  manomeler  and  of  the  stimulat- 
ing key  were  in  the  same  vertical  line. 


result  of  the  teaching  of  Gaskell,  but  it  must  be  remembered  that  Gas- 
kcll  concludes  his  paper'  by  stating  that  his  observations  were  con- 
fined to  the  cold-blooded  animals,  and  that  he  is  "  not  yet  in  position 
to  say  how  far,  in  the  more  highly-developed  mammalia,  the  phe- 
nomena of  the  heart  may  have  become  changed  under  a  greater  dif- 
ferentiation of  function,  and  an  increased  complexity  of  structure." 
Immediate  supply  of  nutriment  is  a  matter  of  comparatively  little 
importance  to  the  cold-blooded  hearts ;  it  is  a  matter  of  the  greatest 
importance  to  the  very  frequently  beating  warm-blooded  hearts. 
"  The  two  organs  of  the  body  whose  supply  of  oxygenated  blood  can- 
not be  interrupted,  even  temporarily,  without  danger  to  the  system 
are  the  central  nervous  system  and  the  heart." ^  "The  forqe  of  the 
ventricular  contraction  is  immediately  affected  by  a  change  in  the 
amount  of  blood  supplied  to  the  cardiac  muscle,"^  and  "more  im- 
portant than  the  quantity  is  the  quality  of  the  blood  flowing  through 

'  GASKEtX:  Journal  of  physiology,  1883,  iv,  p.  124. 

'  Roy  and  Adami  :  Philosophical  transactions,  1892,  clxxxiii,  B,  p.  290. 

•  Magratm  ADd  Kennedy:  Journal  of  experimental  medicine,  1897,  ii,  PP- 
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the  coronary  vessels."  ^  During  any  prolonged  period  of  cardiac 
inhibition  with  a  fall  of  blood-pressure  in  the  aorta,  the  supply  of 
nutriment  to  the  heart  muscle  must  certainly  be  diminished,  and,  as 
the  right  side  of  the  heart  is  inhibited  as  well  as  the  left,  the  arteriali- 
zation  of  the  blood  must  be  diminished  as  well,  and  hence  its  quality 
deteriorated.  So  it  seems  very  probable  that  any  good  effects  upon 
the  heart  due  to  stimulation  of  trophic  fibres  may  easily  be  counter- 
balanced by  the  injurious  effects  just  pointed  out.  Hence  a  sudden 
and  marked  rise  of  pressure  following  inhibition  is  very  probably  due 
to  some  cause  other  than  improvement  in  the  nutrition  of  the  heart. 
Moreover,  this  rise  probably  is  not  due  to  stimulation  of  the  vaso- 
constrictor centre  by  a  too  venous  condition  of  the  blood ;  the  rise 
occurs  too  suddenly  to  admit  of  such  an  explanation. 

Whatever  may  prove  to  be  the  correct  explanation  of  a  rise  of 
blood-pressure  in  some  guinea-pigs  after  stimulation  of  the  vagus,  this 
rise  is  almost  invariably  followed  immediately  by  a  fall  of  blood- 
pressure  below  the  normal,  and  very  frequently  by  sudden  failure  of 
the  heart  and  death  of  the  animal.  Fig.  3  is  a  tracing  showing 
cardiac  inhibition  from  stimulation  of  the  vagus  immediately  after  the 
animal  had  been  prepared.  After  the  cessation  of  the  stimulation 
there  took  place  a  considerable  rise  of  blood-pressure ;  the  heart's 
beat  became  irregular,  and  the  animal  died  within  two  minutes, 
death  being  preceded  by  a  very  rapid  fall  of  blood-pressure. 
Throughout  the  whole  series  of  my  experiments  stimulation  of  the 
vagi  seemed  to  lessen  the  efficiency  of  the  heart.  This  was  especially 
true  in  the  months  from  February  to  April,  when  the  vitality  of  the 
animals  was  low,  but  it  was  also  true  in  the  months  from  October  to 
January. 

'^Escape''  of  the  heart  from  vagus  stimulation.  The  heart  of  a 
guinea-pig  when  brought  to  a  standstill  by  stimulation  of  the  vagus 
soon  begins  to  beat  again;  or,  when  slowed,  to  increase  the  fre- 
quency of  its  beats.  The  longest  period  during  which  I  was  able 
to  maintain  a  standstill  by  stimulating  the  vagus  was  twenty-one 
seconds,  and  in  this  case  death  followed  almost  immediately,  as 
was  usually  the  case  when  the  vagus  nerve  had  been  stimulated 
for  any  length  of  time  in  the  spring.  The  following  experiments 
illustrate  the  rate  of  escape  during  that  season.  I  have  no  record 
of  escape  during  the  autumn,  when  the  animals  were  in  a  more 
vigorous  condition. 

*  Foster  :  Text-book  of  physiology,  6th  ed.,  1893,  p.  367. 
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Experiment  /.  Guinea-pig;  weight  550  grams;  corrected  mean  blood- 
pressure  69  mm.  of  mercury;  normal  heart-rate  32  (all  of  the  rates  given 
are  for  periods  of  10  seconds)  ;  peripheral  end  of  right  vagus  stimulated 
while  the  secondary  coil  was  at  15  cm.  Rates  during  stimulation  :  6^,  9, 15, 
16,  8,  6,  death. 

Experiment  II.  Guinea-pig  ;  weight  637  grams;  corrected  mean  blood- 
pressure  84  mm. ;  normal  heart- rate  ^^ ;  peripheral  end  of  right  vagus 
stimulated,  secondary  coil  at  10  cm.  Rates  during  stimulation:  3,  17,  15, 
i9>  25,  31,  35.  The  heart  failed  suddenly  after  the  rate  had  increased  to  35 
and  the  blood- pressure  had  nearly  reached  the  normal. 

Effect  of  shunting  the  current  from  one  vagus  nerve  to  the  other.  It 
is  an  interesting  question  whether  there  be  a  single  inhibitory  mechan- 
ism in  the  heart  or  one  for  each  vagus  nerve.  It  is  believed  by  many  * 
that  the  same  intracardiac  apparatus  serves  for  both  nerves,  —  that 
after  the  heart  of  a  mammal  has  begun  to  escape  from  inhibition  pro- 
duced by  stimulation  of  one  nerve,  shunting  the  current  into  the  other 
nerve  docs  not  cause  a  second  standstill.  I  have  found  the  contrary 
to  be  true  in  the  guinea-pig,  and  have  repeatedly  caused  a  second 
standstill  by  suddenly  shunting  the  current  into  the  second  nerve  after 
escape  had  commenced  from  the  inhibition  caused  by  continued  stim- 
ulation of  the  first  nerve.  This  was  tried,  however,  only  in  the  spring 
months,  when  the  cardiac-inhibitory  mechanism  was  perhaps  un- 
usually irritable. 

The  following  case  has  several  features  of  interest :  — 

February  22,  i8gy.  Guinea-pig;  weight  510  grams.  Chloral  and  mor- 
phine. Corrected  mean  blood-pressure  83  mm. ;  pulse-rate  37  in  10  seconds. 
Both  vagi  cut.  Secondary  coil  at  1 2  cm.  Stimulation  of  peripheral  end  of  left 
vagus;  heart  stopped  10  seconds  and  blood-pressure  fell  to  26  mm.;  heart's 
rate  increased  to  5  beats  in  10  seconds  and  blood- pressure  rose  to  53  mm. ; 
current  shunted  to  right  nerve ;  heart  stopped  1 1  seconds  and  blood-pressure 
again  fell  to  about  26  mm.  The  heart  then  rapidly  increased  in  rate  (the 
stimulation  still  continuing),  gave  a  few  irregular  beats,  and  suddenly  increased 
to  55  beats  in  10  seconds,  while  the  rate  before  stimulation  had  been  only 
37.  Following  a  short  period  (12  seconds)  of  frequent  beating,  there  oc- 
curred a  period  of  infrequent  irregular  pulsations  alternating  with  frequent 
beats.  This  state  of  things  was  allowed  to  continue  for  half  a  minute,  when 
the  current  was  shunted  back  into  the  left  nerve ;  the  heart  was  again  stopped 
for  four  seconds.     The  heart's  rate  suddenly  increased  to  42  in  10  seconds, 

*  HuFLER,  E. :   Die  abgestufte   Reizung  des  Herzvagus.     Archiv  fiir  Physi- 
ologic,. 1889,  p.  295.     Hough,  op.  cit.,  p.  198. 
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when  a  short  period  of  frequent  and  irregular  beating  was  followed  by  failure 
of  the  heart  and  death  of  the  animal,  the  stimulation  liaving  been  maintained 
to  the  end.  This  is  the  only  case  in  which  acceleration  was  observed  to 
occur  during  continued  stimulation  of  the  vagus.  It  is  the  only  case  in 
which  acceleration  was  observed,  except  a  few  cases  in  which  it  appeared  as 
an  after-effect  of  inhibition. 

The  comparative  efficiency  of  the  two  vagi.  In  a  number  of  species 
of  animals  one  vagus,  usually  the  right,  has  been  found  to  exert  a 
more  powerful  influence  upon  the  heart  than  does  the  other.  In  the 
guinea-pig  I  have  found  both  vagi  to  be  always  efficient,  and  in  no 
case  have  I  been  able  to  discover  any  greater  efficiency  on  the  part 
of  one  than  on  that  of  the  other- 

In  quite  a  number  of  cases  simultaneous  stimulation  of  both  vagi 
has  not  been  observed  to  give  more  powerful  inhibition  than  stimula- 
tion of  the  same  strength  applied  to  either  nerve  separately. 

III.  The  Depressor  Nerve. 
There  is  found  in  the  guinea-pig  in  close  relation  to  the  vagus  and 
cervical  sympathetic  a  very  delicate  nerve,  stimulation  of  which 
causes  a  fall  of  blood -pressure  resembling  in  every  respect  that  caused 
by  stimulating  the  depressor  in  the  rabbit.  This  nerve  can  usually  be 
found  by  raising  the  carotid  artery  out  of  its  sheath  on  a  curved 


Figure  4.  IMiree-tifths  original  size.  Fall  of  blood-pressure  as  a  result  of  stlniulation  oi 
the  central  end  of  the  left  depressor  with  the  secondary  coil  at  8  cm.  Time  in  seconds. 
The  line  of  zero  pressure  is  not  shown.  The  writing-points  of  the  minomeler  and  of 
the  stimulating  key  were  in  the  same  vertical  line. 

needle  and  thus  putting  the  tissues  between  the  carotid  and  the  vagus 
on  the  stretch,  the  nerve  is  then  seen  extending  through  the  connective 
tissue  as  a  delicate  whitish  filament.  At  least  part  of  this  nerve  can 
be  traced  to  the  ganglion  of  the  trunk  of  the  vagus,  and  in  so  far  its 
origin  resembles  that  of  the  depressor  in  the  opossum ; '  whether,  as 
in  the  opossum,  there  is  a  second  root  springing  from  the  superior 
laryngeal  nerve  I  have  not  been  able  to  determine  satisfactorily. 
>  Hunt  and  Harrington  :  op.  cil.,  p.  717. 
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Stimulation  of  the  central  end  of  this  nerve  gives  results  very  sim- 
ilar to  those  observed  when  the  depressor  of  the  rabbit  or  of  the 
opossum  is  stimulated,  namely,  a  fall  of  blood-pressure  (Fig.  4)  and 
moderate  slowing  of  the  heart's  rate  if  the  vagi  are  intact. 

A  number  of  attempts  were  made  to  stimulate  the  various  branches 
of  the  stellate  ganglion  to  determine  whether  they  contained  cardiac 
accelerator  nerves,  but  as  this  work  was  deferred  until  the  spring,  it 
was  found  that  the  animals  did  not  possess  sufficient  vitality  to  permit 
the  necessary  dissection  and  prolonged  experiment. 

In  conclusion  I  desire  to  express  my  indebtedness  for  valuable 
assistance  and  suggestions  to  Professor  Frederic  S.  Lee  and  to  Dr. 
Reid  Hunt. 
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By  F.  H.  REILLY,  F.  W.  NOLAN,  and  GRAHAM  LUSK. 
[From  the  PhysifdogUal  Laboratory  of  the  Yale  Medical  SchooL'\ 

IN  a  paper  published  ^  recently  from  this  laboratory  it  was  shown 
that  when  starving  rabbits  are  kept  under  the  constant  influence 
of  phlorhizin  ^  by  frequent  subcutaneous  administration  of  the  drug, 
a  constant  relation  approximating  the  ratio  2.8 :  i  is  established  be- 
tween urinary  dextrose  and  nitrogen,  after  the  preliminary  sweeping 
out  of  the  systemic  sugars  through  the  urine.  This  ratio  is  the  same 
as  that  already  discovered  by  Minkowski  in  total  pancreas  dia- 
betes in  dogs.  From  the  meagre  experiments  of  others  which  could 
be  used  for  comparison,  the  conclusion  was  drawn  in  the  article  just 
cited  that  like  results  would  be  obtained  by  treating  dogs  in  a  manner 
similar  to  that  employed  for  rabbits.  Various  experiments  prelimi- 
nary to  the  present  research,  however,  did  not  give  the  results  ex- 
pected. The  ratio  in  dogs  was  found  always  higher  than  in  rabbits, 
as  is  seen  in  the  following  table :  — 

DOG   I.     Weight  24.1  kg.    3  grams  Phlorhizin  every  8  hours. 


Date. 

Dextrose. 

Nitrogen. 

D:N 

Food. 

Jan.  5,  1897 

53.07 

11.54 

4.51 

•         ■        •        • 

6, 

64.49 

1116 

5.77 

•         •        •        • 

7, 

61.63 

16.29 

3.78 

•         •        •        • 

8, 

60.38 

16.36 

3.69 

•         •         •        • 

9, 

73.05 

20.45 

3.57 

(  30  grams  meat  per 
1  hour  for  10  hours. 

*  LusK,  G.,  unter  Mithilfe  von  E.  L.  Munson,  E.  A.  Lawbaugh,  und  I.  M. 
Heller  :  Zeitschrift  fiir  Biologie,  1898,  xxxvi,  p.  82.  The  general  literature  on  the 
subject  of  phlorhizin  diabetes  is  discussed  in  this  article,  and  need  not  be  re- 
stated here. 

^  This  word  is  also  spelled  phloridzin  and  phlorizin,  which  are  incorrect  (Kiilz 
und  Wright,  Zeitschrift  fiir  Biologic,  1890,  xxvii,  p.  181).  Webster  and  the  Cen- 
tury Dictionary  give  phlorizin,  but  the  more  correct  spelling  implied  by  the  Greek 
derivative  ff>\ot6ppiCos  demands  the  use  of  phlorhizin. 
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On  account  of  the  above  experiment  we  came  to  the  conclusion 
that  the  excess  of  sugar  was  removed  in  the  dog  more  gradually  than 
in  the  rjibbit,  and  we  decided  to  continue  the  constant  influence  of 
phlorhizin  over  a  considerable  period  of  time,  with  a  view  to  the  ulti- 
mate establishment  of  a  ratio  D :  N  :  :  2.8 :  i.  In  this  and  in  all  the 
following  experiments  the  dogs  fasted  two  and  a  half  to  three  days 
before  the  first  administration  of  phlorhizin.  In  the  following  ex- 
periment, on  the  fifth  day  of  diabetes  and  the  seventh  of  fasting,  the 
dog  was  so  weak  that  it  could  not  stand  up  and  so  100  grams  of  lean 
meat  cut  free  from  fat  was  given  thereafter  ever>'  eight  hours.  The 
dog's  condition  greatly  improved,  and  remained  satisfactory  until 
nearly  the  end  of  the  experiment.  On  the  last  day  it  was  not  so 
weak  as  the  day  before  we  began  to  feed  meat. 

Phlorhizin  warmed  in  a  1.2  per  cent  solution  of  sodium  carbonate 
was  injected  subcutaneously  every  eight  hours.    [See  Table,  Dog  II.] 

It  will  be  seen  that  the  ratio  2.8 :  i  was  not  to  be  obtained  on  the 
eleventh  day  of  phlorhizin  diabetes  in  dogs,  but  that  the  ratio  re- 
mained constantly  higher.  The  same  drug  together  with  analytical 
reagents  yielded  upon  the  second  day  of  an  experiment  on  a  fasting 
rabbit  the  ratio  2.89:  i,  and  on  the  third  day  2.69:  i,  ratios  which 
are  characteristic  in  the  rabbit.  The  average  ratio  found  in  the  dog 
during  the  last  nine  days  was  3.75  :  i.  No  appreciable  change  in  the 
ratio  was  brought  about  by  feeding  meat. 

The  total  amount  of  dry  fa?ces  passed  during  the  thirteen  days  was 
67.35  grams,  containing  3.02  grams  of  N  or  4.20  per  cent.  This  rep- 
resents a  daily  amount  of  0.23  grams  of  nitrogen.  The  faeces  were 
pitch  black,  like  hunger  or  meat  faeces  in  dogs,  and  frequently  here 
and  in  other  experiments  were  accompanied  by  diarrhoea.  This  fact 
led  sometimes  to  the  mixing  of  urine  and  faeces,  as  may  be  noted  in 
experiments  still  to  be  cited. 

The  sugar  in  the  urine  is  dextrose,  for  it  is  completely  fermentable 
with  yeast,  is  only  slightly  affected  by  boiling  with  8  per  cent  hydro- 
chloric acid,  and  its  specific  rotation  in  the  polariscope  agrees  with 
the  reducing  power  determined  according  to  the  method  of  Allihn. 
Here  then  is  a  new  level  of  sugar  production  from  proteid.  If  we 
assume  that  6.25  grams  of  proteid  are  burned  for  each  gram  of  urinary 
nitrogen  (neglecting  that  in  the  faeces),  then  3.75  grams  of  dextrose 
may  be  derived  from  6.25  grams  of  proteid,  or  approximately  60  per 
cent  of  dextrose  from  the  molecule. 

If  instead  of  averaging  the  ratios  of  the  last  8|  days  we  take  the 


Phlorhizin  Diabetes  in  Dogs. 


397 


o 
o 


■ 

^1 

• 

• 

• 
• 

• 
• 

• 
• 

• 
• 

0) 
S 

meat+ 
lard 

meat. 

O    00 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

& 

«• 

«« 

« 

&&   ^ 

0) 

8 

8»  8 

> 

•-H             i-H 

en 

orhizin 
8  hour 

• 

• 

CO 

B 
2 

• 

^ 
V 

V 
^ 

03 

B 

S 

bc 

^ 
<« 

CO 

6 

^^    >* 

• 

• 

A  tr 

u^ 

^ 

iTi 

Ch       « 

Csl 

esi 

V 

■ 

• 
• 

• 

S 

00 

s 

0> 

3 

^^ 

• 

• 

^T) 

fO 

fO 

fO 

fO 

fO 

ro 

ro 

fO 

ro       ro 

^^ 

" 

m 

c 

V 

^ 

s 

s 

a 

^ 

S 

3 

s 

«      »o 

o 

•^ 

^ 

CQ 

00 

00 

i^ 

P-4 

00 

00 

t*» 

so 

to       "^ 

«-• 

1-^ 

1-^ 

l-H 

1-^ 

CQ 

l-H 

^H 

^H 

^^ 

^H 

;z; 

• 
4> 

2 

• 

• 

u^ 
u^ 

o 

s 

s 

s? 

1-^ 

S 

«-4 

o 

t>»      cS 

'4^ 

X 
0) 

• 

3 

;3 

s 

s 

• 

• 

s 

s 

1^ 

^-* 

.£ 

't- 

• 

• 

• 

p^ 

• 

vO 

• 

• 

• 

vO 

<M 

• 

• 

• 
• 

^ 

• 
• 

00 

• 
• 

• 
• 

• 
• 

• 

:    ^ 

V 

• 

■ 

• 

• 

■ 

• 

• 

• 

> 

^ 

c    2 

w^ 

3    .S      O 
Oho 

g 

P 

* 

9 

8 

^ 

S 

s; 

g 

O 

to       O 

i  =  c 
<  's  •"• 

^-t 

vO 

»>• 

3^ 

"^ 

'«^ 

'^ 

vO 

u^ 

<M        -^ 

• 

t—i 

(4 

^ 

vd 

t*» 

00 

on" 

d 

l-H 

oJ 

-^ 

u% 

vd      rC 

Q 

c 
a 

00 

o 


II 

OS 

o 


> 

0) 


c 

o 

u 

O 


a 

CO 

O 


relation  between  the  sum  of  the  dextrose  and  nitrogen,  we  obtain 
550.6  grams  D  :  147.8  grams  N  : :  3.72  :  i.  By  adding  to  this  nitrogen 
that  derived  from  the  faeces  (8^  X  0.23)  we  obtain  the  following  ratio : 
550.6  grams  D:  149.7  grams  N: :  3.67:  I.  According  to  this  latter 
ratio  the  amount  of  sugar  obtainable  from  proteid  may  be  58.7  per 
cent  of  the  molecule. 

This  great  sugar  excretion  is  accompanied  by  a  highly  remarkable 
rise  in  the  proteid  metabolism  above  that  in  fasting.  Thus  on  the 
third  day  of  fasting  4.17  grams  of  nitrogen  were  eliminated,  whereas 
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on  the  fifth  day  of  fasting  and  the  second  of  diabetes  the  nitrogen  in 
the  urine  amounted  to  18.76  grams,  an  increase  of  450  per  cent. 
Another  experiment  shows  an  increase  of  540  per  cent  and  two  more 
an  increase  of  340  per  cent  each.  A  parallel  to  this  rise  in  proteid 
metabolism  is  only  to  be  found  in  the  literature  of  phosphorus 
p<)i.soning,  and  indeed  the  cause  of  the  high  metabolism,  namely, 
the  non-burning  of  the  carbohydrates,  would  seem  to  be  identical 
in  the  two  cases.  In  the  case  of  diabetes  the  sugar  is  removed 
and  its  well-known  sparing  influence  over  proteid  metabolism  is 
eliminated.^  The  explanation  of  the  similar  metabolism  in  phos- 
phorus poisoning  which  seems  most  plausible  to  us  is  that  the 
proteid  sugar  instead  of  being  burned  is  converted  quantitatively 
into  fat,  with  the  resulting  high  proteid  metabolism  noted  in  fatty 
degeneration.  Experimental  evidence  upon  this  part  of  the  subject 
is  being  now  obtained. 

It  will  be  noted  above  that  there  is  no  difference  in  the  sugar  ex- 
cretion whether  2.5  grams  or  5  grams  of  phlorhizin  be  administered 
every  eight  hours. 

Pat. —  Feeding  25  grams  of  lard  does  not  increase  the  sugar 
excretion,  a  result  which  was  to  be  expected  from  the  work  of 
Moritz  and  Prausnitz.^ 

Behavior  of  Ingested  Sugan. — The  discovery  of  this  intense  form  of 
diabetes  in  dogs  led  to  the  question  of  the  behavior  of  different  sugars 
after  they  had  been  fed  to  such  dogs.  In  the  following  experiment 
100  grams  of  lean  meat  was  fed  every  eight  hours  from  the  fourth 
day  of  dicibetes,  and  the  dog  being  very  fat  bore  the  experiment 
extremely  well.  The  idea  was  to  obtain  D:N::  3.75:1,  and  then 
to  feed  the  various  monosaccharides  which  enter  into  physiologi- 
cal consideration,  namely  dextrose,  levulose,  and  galactose.  The 
*'  extra  sugar "  in  the  urine  of  these  dogs  can  be  estimated  by 
multipl>'ing  the  nitrogen  in  the  urine  by  3.75  (which  represents 
sugar  from  proteid)  and  subtracting  this  from  the  total  sugar  found 
for  the  day.  Any  such  **  extra  sugar "  would  be  derived  from 
the  sugar  fed.  The  sugar  dissolved  in  water  was  readily  taken  by 
the  dogs  and  was  fed  in  portions  of  eight  grams  ever>'  six  hours, 
commencing  immediately  after  the  urine  had  been  drawTi  off  in  the 
morning. 

1  LusK :  lac.  cit^  p.  97 ;  also  LusR :  Zeitschrift  fiir  Biologie,  1890,  xxvS,  p. 
*  MOKITZ  and  Prausnitz:  Zeitschrift  fiir  Biologie,  1890,  xxvii,  p.  81. 
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Dextrose,  On  the  first  day  of  dextrose  feeding,  20.82  grams  of 
extra  sugar  was  present  in  the  urine,  following  an  ingestion  of  23.77 
grams  of  dextrose.  The  experiment  was  however  inconclusive, 
since  the  fasting  ratio  between  dextrose  and  nitrogen  had  not  been 
obtained.  The  day  before  the  second  feeding  of  dextrose,  the  ratio 
between  dextrose  and  nitrogen  was  3.89 :  i  ;  on  the  sugar  day, 
5.66:1;  and  on  the  following  day  3.94:1.  The  extra  sugar  here 
was  23.49  grams  following  an  ingestion  of  24  grams  of  dextrose.  A 
third  experiment  is  taken  from  the  unpublished  work  of  Messrs. 
T.  S.  McDermott  and  W.  E.  Ray  done  in  this  laboratory  and  is  given 
below. 


DOG   IV.  —  Weight  10  kg.     i  gram  Phlorhizin  every  8  hours. 


Date.            Dextrose. 

1 

Nitrogen. 

D:N. 

Extra  su- 
gar. 

Food. 

Nov.  18, 1897 
19, 
20, 
21, 

36.72 
29.66 
48.-K) 
41.52 

9.r>3 

7.0f 
10.29 
10.89 

3.81 
4.20 
4.70 
3.81 

•  •    •    • 

•  •    •    • 

9.82 

•  •   •    • 

j  150  grams  meat  +  11.76 
(  grams  dextrose. 

150  grams  meat. 

Here  we  have  on  the  sugar  day  a  ratio  of  4.70 :  i  and  an  excre- 
tion of  9.82  grams  of  extra  sugar  following  upon  an  ingestion  of 
11.76  grams. 

We  can  conclude  from  our  experiments  that  the  dextrose  fed  is 
very  nearly  quantitatively  eliminated.  These  experiments  prove 
also  that,  within  these  limits  at  least,  very  little  loss  takes  place 
through  fermentation. 

Levulose.  After  feeding  24.05  grams  of  levulose,  15.31  grams  of 
extra  sugar  appeared  in  the  urine.  The  extra  sugar  could  not  be 
destroyed  by  heating  the  urine  for  several  hours  at  100°  with  8  per 
cent  hydrochloric  acid.  It  therefore  was  not  levulose.  The  reading 
in  the  saccharimeter  was  lower  than  it  should  be.  Two  causes  might 
have  contributed  to  this :  first,  the  Ijevo-rotary  substances  of  phlo- 
rhizin  urines  discovered  by  Cremer ;  ^  second,  personal  error,  it  being 
the  first  time  this  particular  saccharimeter  was  u.sed,  and  the  solution 
being  so  weak  that  a  difference  of  0.2  per  cent  would  account  for  the 
discrepancy  between  63.27  grams  and  57.5  grams. 

*  Cremer  :  Zeitschrift  fiir  Biologic,  1898,  xxxvi,  p.  115, 
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On  the  second  feeding  of  24.02  grams  of  levulose,  7.42  grams  of 
extra  sugar  appeared  in  the  urine,  and  here  the  totals  of  dextrose  by 
Allihn's  method  and  by  polarization  were  respectively  51.85  and 
49.4  grams.  After  ingestion  of  levulose  is  seen  therefore  its  well- 
known  partial  conversion  into  dextrose,  which  in  phlorhizin  diabetes 
is  quantitatively  eliminated.  .  It  is  especially  remarkable  that  the 
burning  levulose  does  not  affect  the  proteid  metabolism.  Possibly 
the  levulose  may  be  burned  by  the  sugar-hungry  cells  of  the  villus  as 
soon  as  it  is  absorbed,  and  therefore  its  influence  on  metabolism  is 
not  widespread,  but  limited  to  certain  localities.  Minkowski  ^  has 
shown  that  levulose  if  fed  to  diabetic  dogs  may  increase  the  glycogen 
in  the  liver.  In  virtue  of  the  small  amounts  of  levulose  used  in  our 
experiments,  it  seems  improbable  that  it  could  reach  the  liver  before 
combustion,  and  we  would  suggest  that  possibly  the  epithelium  of 
the  villus  likewise  may  have  the  power  for  this  conversion. 

Galactose.  Results  similar  to  those  obtained  after  feeding  levulose 
were  found  on  feeding  galactose.  In  both  cases  of  galactose  feeding 
the  extra  sugar  consisted  of  dextrose.  This  was  determined  by  the 
fact  that  the  specific  rotation  of  the  solution  indicated  the  same 
amount  of  dextrose  as  was  shown  by  the  method  of  Allihn.  For  dex- 
trose (a)^  =  +  52.6°,  for  galactose,  +  83.8°.  Galactose  may  therefore 
in  part  be  converted  into  dextrose. 

Phosphates.  —  It  has  been  stated  by  von  Ackeren  ^  that  phosphates 
in  diabetic  urine  are  present  above  the  amount  normally  pertaining 
to  the  proteid  decomposition.  The  phosphates  were  therefore  deter- 
mined in  the  phlorhizin  urine  by  titration  with  uranium  nitrate.  The 
results  show  that  after  fifteen  days  of  diabetes  there  is  no  marked 
change  from  the  usual  ratio  between  phosphates  excreted  and  proteid 
metabolism.  This  result  is  in  confirmation  of  the  experiments  of 
Tenbaum^  in  diabetes  mellitus,  who  also  finds  the  calcium  excretion 
to  be  unchanged. 

Glycogen.  —  Phlorhizin  diabetes  fails  to  remove  glycogen  entirely 
from  the  liver  and  muscles.  Glycogen  in  the  liver  of  Dog  II  amounted 
to  0.392  grams  =  0.08  per  cent;  in  the  liver  of  Dog  III,  0.936 
grams  =  0.13  per  cent,  and  in  the  muscle  of  the  hind  leg  the  large 
amount   of  0.37  per  cent   was  found.     The  dogs  were  killed  while 

^  Minkowski:  Archiv  fiir  exper.  Pathol,  und  Pharmakol.,  1893,  xxxi,  p.  i65f 

*  Von  Ackeren:  See  von  Noorden:  Pathologic  des  Stoffwechsels,  1893,  p. 
416. 

•  Tenbaum  :  Zeitschrift  fiir  Biologie,  1896,  xxxiii,  p.  379. 

26 


402 


Reilfyy  Nolan,  and  Lusk. 


under  the  influence  of  morphine,  which  prevents  loss  of  glycogen 
from  struggling. 

More  frequent  administration  of  phlorhizin,  /.  f.,  once  every  three 
instead  of  once  every  six  hours,  does  not  change  the  ratio  D :  N  in 
the  urine. 

Sugar  production  from  Meat  and  Gelatine.  —  We  have  seen  that 
feeding  meat  in  small  quantities  during  the  day  does  not  change  the 
ratio  D :  N.  Experiments  were  now  tried  with  larger  amounts  of 
meat  and  with  gelatine  to  seek  for  the  ratio  under  these  circum- 
stances. On  the  days  of  meat  feeding  the  urine  was  analyzed  in 
fractions  of  equal  periods,  as  will  be  described  later.  The  general 
results  for  twenty-four  hours  urine  are  given  below,  two  dogs  having 
been  experimented  upon. 


DOG   v.  — 1 

gram  Phlorhizin  every  8  hours  after  Feb.  22. 

Date. 

Amount 

of  urine 

in  cc. 

Weight 
in  kg. 

1 
Dextrose.  ' 

Nitrogen. 

D:N. 

Food. 

Feb.  22.  1898 

76 

12^ 

•    •    •    ■ 

2.49 

•    •    •    • 

.    .    •    • 

23, 

393 

40.36 

6.88 

5.84 

•    •    •    . 

24, 

555 

47.47 

13.49 

3.52 

.... 

25, 

625 

47.73 

14.01 

3.41 

.    .    •    • 

26, 

1013 

74.95 

21.11 

3.55 

500  grams  meat. 

27, 

576 

42.32 

11.53 

3.67 

•    •    •    > 

28, 

910 

.'>3.17 

14.52 

3.66 

60  grams  gelatine. 

Mar.    1,1898 

495 

34.20 

9.21 

3.71 

•    •    •    • 

2, 

790 

•    •    •    • 

63.95 

18.39 

3.42 

500  grams  meat. 

Mar.    3,  I898I. 
6  hours'  urine\ 

84 

10.6 

6.93 

1.68 

4.12 

•        ■        •        • 

Average 

for  last  eight  days 

:    D:N::3.63:1. 

Rise  in 

N  excretion  during 

starvation  =  560%. 

Before  entering  into  the  detailed  discussion  of  the  experiments,  a 
few  brief  remarks  on  the  theory  of  the  method  of  proteid  destruction 
within  the  organism  would  seem  to  be  necessary.  The  well  known 
theory  of  Voit  ^  maintains  that  there  is  a  preliminary  cleavage  of  the 

^  Voit:  Hermann's  Handbuch  der  Physiologie,  iS8i,  vi,  i,  p.  295. 
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DOG  VI.— 

1  grams  Phlorhizin  every  8  hours  after  Feb.  6. 

Date 

1    Amount 
of  urine 
in  cc. 

Weight 
in  kg. 

Dextrose. 

Nitrogen. 

D:N. 

Food. 

Feb.   3, 

1898 

. .  .  • 

36.71 

•    •    •    • 

•    •    •    • 

■    •    •    • 

.    .    •    • 

6. 

770 

•    •    •    • 

8.99 

•    •    •    • 

•    .    •    • 

7. 

1730 

69.36 

13.49 

5.14 

•    •    •    • 

8, 

2555 

74.06 

18.58 

3.98 

•          a          «          • 

9, 

2895 

69.72 

18.(H 

3.86 

.... 

10, 

3270 

79.66 

23.79 

3.30 

105  grams  gelatine. 

11, 

2160 

50.23 

14.66 

3.42 

•        •         •         • 

12. 

4181 

85.94 

27.49 

3.13 

870  grams  meat. 

13, 

1970 

52.11 

12.44 

4.19 

•         •        •        • 

14, 

28601 

41.60 

19.67 

2.11 

105  grams  gelatine. 

15, 

2260 

29.40 

11.73 

2.70 

•        •         •         ■ 

16, 

{ 

B  15282 
A    238« 

22.43 

4.58 

6.80 
1.65 

3.31 
2.77 

20  grams  levulose. 

•        •        •         • 

17, 

570* 

27.7 

7.23 

2.37 

3.05 

•        •        •         • 

1  Albuminuria.             * 

2  16  hours'  urine.         * 

Some  lost  through  mixture  with  faeces. 
6  hours*  urine. 

proteid  molecule  in  metabolism  into  a  nitrogenous  radicle,  and  into 
a  non-nitrogenous  radicle,  each  of  which  may  subsequently  be  burned 
within  the  cells  at  different  times.  The  experiments  of  Feder  ^  have 
shown  that  after  feeding  meat  to  a  starving  dog  the  quantity  of  nitro- 
gen in  the  urine  rises,  attaining  a  maximum  at  the  sixth  to  the  eighth 
hour,  and  then  continuously  sinks,  so  that  at  the  fourteenth  hour 
most  of  the  nitrogen  corresponding  to  the  meat  eaten  has  been  elim- 
inated. The  excretion  of  CO2  under  these  circumstances  is,  however, 
much  more  evenly  distributed  over  the  course  of  the  twenty-four 
hours.  Voit  *^  concludes  therefore  that  there  is  an  early  cleavage  of 
the  proteid  molecule  through  which  little  energy  is  liberated ;  that 
there  is  a  rapid  combustion  of  the  nitrogenous  radicle,  as  shown 
by  the  elimination  of  the  nitrogenous  end  products   in  the  urine; 

1  Feder:  Zeitschrift  fiir  Biologie,  1881,  xvii,  p.  541. 
^  Voit:  Zeitschrift  fiir  Biologie,  1891,  xxviii,  p.  291. 


404 


Reilly,  NolaUy  and  Lusk. 


and  that  the  non-nitrogenous  radicle  which  contains  the  major  part 
of  the  potential  energy  of  the  molecule  may  in  part  be  temporarily 
stored  cither  as  glycogen  or  as  fat,  and  be  fed  to  the  tissues  more 
evenly  during  the  course  of  the  twenty-four  hours  as  need  requires. 
Now  the  indications  are  that  phlorhizin  acts  quickly,  removing  sugar 
from  the  organism  as  soon  as  it  is  produced.  If  Voit's  non-nitrog- 
enous portion  of  the  proteid  consist  of  dextrose  and  the  idea  of  its 
quick  cleavage  from  proteid  be  true,  then  on  feeding  meat  to  a  phlo- 
rhizin dog  more  sugar  should  appear  in  the  urine  of  the  first  hours 
after  feeding  than  corresponds  to  the  nitrogen  eliminated. 

The  results  of  one  experiment  after  feeding  500  grams  of  meat  to 
a  fasting  diabetic  dog,  and  collecting  the  urine  first  in  two  periods  of 
three  hours  each,  and  then  in  one  of  six  hours,  are  given  below.  The 
urine  was,  of  course,  obtained  through  a  catheter  and  the  bladder 
was  carefully  washed  with  water.  The  meat  was  eaten  within  one 
minute. 

DOG  v.  — Urine  of  Feb.  26. 


Amount  in  cc. 

Dextrose. 

Nitrogen. 

D:N. 

Preceding  3  hours  (estimated)     .     . 
1st  3  hours 

•  •    •    • 

137 
193 

3a«> 

•  •    •  • 

5.96 
12.43 
14.70 
11.23 
11.23 

6.34 

1.75 
2.52 
3.76 

3.a«> 

3.85 
1.78 

3.41 
4.92 
3.91 
2.92 
2.92 
3.56 

2d   3  hours 

3d    3  hours ) 

4th  3  hours j 

Following  3  hours  (estimated)     .     . 

We  start  here  with  the  estimated  decomposition  during  three  hours 
of  fasting.  During  three  hours  after  feeding  meat  the  ratio  in  the 
urine  equals  D :  N : :  4.92 :  i,  and  in  a  subsequent  period  of  three 
hours  the  ratio  reads  3.91  :  i,  whereas  during  the  next  six  hours  it 
sinks  to  2.92  :  i.  This  however  is  followed  by  a  period  in  which  the 
original  fasting  quantit}''  of  dextrose  and  nitrogen  with  the  original 
ratio  are  approximately  attained.  If  we  take  the  whole  period  of 
twelve  hours  when  meat  was  fed  and  compare  it  with  the  foregoing 
and  following  periods  of  like  duration  we  discover  the  following 
relations :  — 
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Dextrose. 

Nitrogen. 

D:N. 

Fasting,  12  hours  (estimated)      .    . 
After  meat  feeding,  12  hours     .    . 
Subsequent  12  hours 

23.87 
49.59 
2536 

7.00 

14.00 

7.11 

3.41 
3.54 
3.56 

Since  the  meat  period  of  twelve  hours  was  followed  by  a  period 
entirely  similar  to  the  fasting  period  from  which  the  start  was  made, 
it  follows  that  the  meat  was  absorbed  and  burned  almost  entirely 
within  the  first  twelve  hours  after  feeding.  And  this  table  shows 
that  in  the  aggregate  the  ratios  D :  N  in  all  three  periods  are  the 
same. 

The  sugar  of  eaten  proteid  is  therefore  entirely  eliminated  in  phlo- 
rhizin diabetes,  but  it  may  be  eliminated  before  the  nitrogen  belonging 
to  it.  Hence  it  is  probably  one  of  the  more  immediate  cleavage 
products  of  the  proteid  molecule  in  metabolism. 

It  is  impossible  at  the  present  writing  to  state  whether  the  sugar 
in  the  urine  of  the  above  periods  of  three  hours  represents  the 
amount  of  sugar  formed  within  the  three  hours,  and  immediately 
eliminated,  or  whether  the  sugar  excretion  represents  the  maximum 
limit  of  renal  activity,  and  hence  its  comparatively  even  distribution 
over  the  hours  named. 

The  ability  to  gradually  eliminate  the  sugar  formed  was  illustrated 
in  two  experiments  similar  to  the  above  but  somewhat  less  satisfac- 
tory in  their  results.  One  was  a  subsequent  experiment  four  days 
later  on  the  same  dog,  when  the  general  tone  of  the  animal  was  less 
favorable.  That  the  absorption  and  destruction  of  the  meat  within 
twelve  hours  was  not  due  to  special  accident  in  the  first  experiment 
is  shown  by  the  fact  still  to  be  discussed  that  the  dog  was  able  to 
repeat  the  performance  with  60  grams  of  gelatine  two  days  later.  In 
the  meat  experiment  on  dog  VI  the  animal  was  not  very  strong,  and 
subsequent  to  the  experiment  the  ratio  fell  to  approximately  2.8 :  i , 
which  as  will  be  explained  later  probably  indicates  a  decreased  power 
of  the  kidneys.  The  conditions  in  the  following  two  experiments 
were  therefore  distinctly  less  favorable  for  the  quick  removal  of  sugar 
through  the  kidney.  That  certain  amounts  of  sugar  may  be  pro- 
tected from  combustion  in  the  organism  is  illustrated  by  the  experi- 
ment on  a  fasting  diabetic  rabbit,  whose  urinary  sugar  was  increased 
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after  convulsions  (which  brought  about  a  conversion  of  glycogen  into 
sugar)  this  sugar  being  eliminated  not  immediately  within  the  first 
hour,  but  gradually  during  six  hours.^ 

The  following  results  have  been  obtained  from  the  urines  of  meat- 
fed  dogs  after  dividing  the  urine  into  separate  portions  corresponding 
to  two  hours  each.  Dog  V  received  500  grams  of  meat.  Dog  VI 
870  grams  at  one  meal. 


Dog  V. 

Dog  VI. 

Urine  of  March  2. 

Urine  of  Feb 

.  12. 

D. 

N.       '■    D:N. 

D. 

N. 

D:N. 

Preceding  2  hours  (estimated) 

2.85 

1 
0.77    1     3.71 

4.18 

1.22 

3.42 

1st  2  hours 

5.82 

0.78 1       7.49 

1.69         4.05 

1 

9.26 
ll.CH 

1.92 
2.97 

4.82 
3.72 

2d   2  hours 

6.86 

3d   2  hours 

7.39 

2.29    1     3.18 

4.69  2 

1.82 

2.58 

4th  2  hours 

6.77 

2.60 

2.60 

7.74 

3.57 

2.17 

5th  2  hours 

7.03 

2.28 

3.08 

11.37 

3.50 

2.17 

6th  2  hours 

6.72 

2.15 

3.12 

7.44 

3.11 

239 

P'ollowing  2  hours  (estimated) 

3.89 

0.98    '     3.95 

1 

5.72 

1.60 

3.25 

^  The  urine  of  the  first  te 
-  A  part  of  the  urine  was 

n  minutes  was  voided  outside  the  cage  and  lost 
lost  through  admixture  with  faeces. 

• 

The  curve  of  nitrogen  excretion  is  not  essentially  different  from 
that  obtained  by  Fcder  in  normal  fasting  dogs  after  feeding  meat. 
In  the  first  two  hours  in  both  of  the  above  experiments  we  find 
a  large  quantity  of  sugar  in  the  urine  showing  the  high  ratios 
7.49:  I  and  4.82:  I.  The  complete  excretion  of  the  sugar,  however, 
extends  over  some  little  time,  which  is  probably  due  to  deficient 
power  of  the  kidney  to  remove  the  sugar,  as  has  been  explained 
above. 


^  LusK :  Zeitschrift  fiir  Biologie,  1898,  xxxvi,  p.  82.  Dextrose  fed  to  rabbits 
in  large  excess  is  burned  in  phlorhizin  diabetes.  The  protecting  power  is  there- 
fore limited.  Whether  a  similar  power  to  burn  carbohydrates  when  fed  in  excess 
is  present  in  total  phlorhizin  diabetes  in  dogs  is  at  present  unknown  to  us. 
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Dog  V. 

Dog  VI. 

D. 

N. 

D:N. 

D. 

N. 

D:N. 

Fasting  12  hours     .... 

Meat  12  hours 

Following  12  hours     . 
Following  6  hours   .... 
Following  24  hours      .    .     . 

17.10 

40.59 

2336 

6.93 

•   •   •   • 

4.60 

12.49 

5.90 

1.68 

•    •    •    • 

3.71 
3.25 
4.12 
3.95 

•    •    •    • 

25.11 
51.54 
34.40 

•   •   •    • 

52.11 

7.33 
16.89 
10.60 

•   •   •   ■ 

12.44 

3.42 
3.04 
3.25 
.... 
4.19 

Total  subsequent  to  meat .     . 

7a88 

2a07 

3.53 

138.05 

39.93 

3.45 

These  experiments,  especially  the  first  one  made  on  Dog  V,  give  a 
full  confirmation  of  Voit's  views.  There  is  a  quick  preliminary  cleav- 
age of  proteid  into  sugar  and  an  unknown  nitrogenous  radicle.  The 
sugar  amounts  to  about  60  per  cent  of  the  proteid  molecule,  and  con- 
tains not  far  from  60  per  cent  of  its  physiologically  available  energy. 
Through  the  action  of  phlorhizin  the  dextrose  may  be  rapidly  re- 
moved, whereas  normally  it  is  a  substance  which  in  excess  may  be 
stored  as  glycogen,  or  may  even  contribute  to  the  formation  of  fat, 
both  of  which  substances  may  be  subsequently  burned  in  the  cells  as 
need  requires. 

Abaenoe  of  Putrefaotdon.  —  The  fact  that,  generally  speaking,  in 
the  cases  of  phlorhizin  diabetes  in  dogs,  there  is  no  appreciable  change 
in  the  ratio  D :  N,  whether  meat  be  fed  or  whether  the  dog  be  fasting, 
would  indicate  complete  absence  of  putrefaction,  for  it  is  hardly  pos- 
sible that  sugar  could  be  produced  within  the  organism  from  Icucin, 
tyrosin,  and  other  amido  bodies  formed  in  putrefaction. 

Bzoeptdonal  Caaea.  —  We  have  remarked  in  the  case  of  Dog  VI  the 
decrease  in  the  ratio  D:  N  to  the  basis  found  in  rabbits  of  2.8:  i. 
This  was  accompanied  by  albuminuria.  Only  one  other  similar  case 
has  come  to  our  notice,  and  that  is  taken  from  the  work  of  Messrs. 
McDermott  and  Ray,  done  in  this  laboratory  upon  a  fasting  dog. 
The  dog  weighed  8.5  kg.,  and  like  the  former  dog  had  albumin  in 
the  urine. 

The  albuminuria  suggests  renal  disease,  but  why,  in  the  apparent 
absence  of  any  chemical  difference,  one  fraction  of  the  sugar  in  pro- 
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teid  should  behave  differently  from  the  other  fraction,  remains  a  mys- 
tery. This  peculiarity  seems  to  bring  added  proof  of  the  at  least 
partially  renal  character  of  phlorhizin  diabetes  noted  by  Zuntz.* 
Phlorhizin  diabetes  cannot  be  wholly  renal  in  character,  for  some 
unknown  influence  must  protect  sugar  from  combustion. 

DOG  VII.  —  1  gram  Phlorhizin  every  eight  hours  after  Dec.  19. 


Dextrose. 

Nitrogen. 

D:N. 

Dec.  19.  1897 

20,               

21,  18  hours 

8  hours 

22,  16  hours 

■    •    •    • 

29.51 

28.34 

8.15 

15.64 

3.23 
7.34 
10.36 
2.84 
5.39 

•   •    •    • 

4.02 
2.73 
2.86 
2.90 

(Gelatine. —  It  has  already  been  shown  in  work  on  the  rabbit^  that 
both  nitrogen  and  sugar  rise  in  the  urine  after  feeding  gelatine,  and 
that  nearly  the  proteid  ratio  is  maintained  between  the  two.  More 
exact  determinations  have  been  possible  with  dogs,  and  among  sev- 
eral attempted  by  us  may  be  mentioned  the  two  following.  In  the 
first  case  105  grams  of  French  gelatine  (containing  14.91  grams  N), 
and  in  the  second  case  60  grams  (8.52  grams  N)  were  fed.  The 
gelatine  was  stirred  into  hot  water  and  on  cooling  was  broken  in 
fragments  and  moistened  with  water  containing  0.5  — 0.3  grams  meat 
extract  (=0.05  — 0.03  grams  N).  The  mass  was  eaten  greedily.  In 
the  first  experiment  the  day  commenced  at  8.45  A.  M.,  and  at  9.15  A.  M. 
about  one  quarter  of  the  gelatine  was  eaten,  at  3  P.  M.  about  one  half, 
and  the  remainder  at  4.55  P.  M.  In  the  second  experiment  the  whole 
mass  was  eaten  at  one  time  immediately  at  the  commencement  of  the 
day. 

Both  of  these  experiments  show  an  increased  elimination  of  sugar 
and  nitrogen  after  feeding  gelatine.  In  the  first  experiment  the  ratio 
D:  N  fell  from  3.86  in  fasting  to  3.30  on  the  gelatine  day  and  rose 
to  3.42  on  the  following  fasting  day.  The  results  in  the  second  ex- 
periment are  more  convincing  because  here  the  ratio  hardly  changes 
in  the  two  fasting  periods,  and  it  will  be  noticed  that  it  also  remains 

^  ZuNTz:  Archiv  fiir  Physiologic,  1895,  p.  570. 
2  LusK :  loc.  cit- 
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Dog  VI. 


Feb.  9, 1898 
10, 
11. 


Dog  V. 


Feb.  27. 1898, 12 hours  (estimated) 
12  hours  .  .  .  . 
12  hours      .     .    .     . 


28, 


Mar.  1,  1898,  12  hours  (estimated) 


Dextrose. 


Nitrogen. 


69.72 
79.66 
50.23 


18.M 
23.78 
14.66 


Dextrose.  !  Nitrogen. 


21.16 
35.85 
17.32 
17.10 


5.76 
9.70 
4^2 
4.60 


D:N. 


3.86 
3.30 
3.42 


D:N. 


3.67 
3.69 
3.59 
3.71 


Food. 


105  grams  gelatine. 


Food. 


60  grams  gelatine. 


unaltered  during  the  intervening  period  when  gelatine  was  fed.  We 
may  therefore  conclude  that  the  same  large  percentage  of  dextrose 
is  obtainable  from  the  metabolism  of  gelatine  as  from  proteid.  In 
this  second  experiment  the  whole  of  the  gelatine  was  apparently 
absorbed  and  destroyed  within  twelve  hours  after  feeding,  because  the 
amount  of  nitrogen  is  similar  in  each  of  the  fasting  periods.  A  very 
considerable  amount  of  proteid  was  evidently  spared  from  destruction 
by  the  burning  gelatine.  The  twelve  hours  urine  after  gelatine 
feeding  shows  the  presence  of  9.7  grams  of  N.  The  gelatine  con- 
tained 8.4  grams  N,  and  if  8  grams  of  this  appeared  in  the  urine, 
then  an  amount  of  proteid  corresponding  to  only  1.7  grams  N 
would  have  been  burned  during  the  twelve  hours  against  5.76  grams 
N  found  for  the  twelve  hours  preceding.  This  would  indicate  a 
sparing  of  proteid  to  the  extent  of  69  per  cent  by  the  gelatine.  The 
considerable  sparing  power  of  burning  gelatine  over  proteid  is  well 
known. 

Tbeoretioal  Considerations  as  to  the  Constitution  of  Proteid.  —  The 
discovery  that  the  proteid  molecule  yields  on  cleavage  in  meta- 
bolism an  amount  of  sugar  equal  to  58.7  per  cent  (as  near  as  we  have 
been  able  to  determine)  leaves  on  the  other  hand  a  nitrogen-containing 
radicle  in  which  the  carbon  and  nitrogen  would  appear  in  the  atomic 
ratio  of  2.2  of  C  to  i  of  N.  It  is  evident  from  this  that  the  nitrog- 
enous radicle  cannot  in  metabolism  yield  much  leucin  or  tyrosin, 
which  require  much  carbon,  whereas  glycocoU  and  the  sulphur-con- 


4IO  Reilly,  Nolan,  and  Lusk. 

taining  taurin  are  theoretically  possible.  It  will  further  be  remem- 
bered that  modern  theory  regarding  the  synthesis  of  proteid  in  plants, 
supposes  the  formation  of  proteid  from  sugar  through  union  with 
asparagin  and  glutamin.  Asparagin  contains  2  of  C,  glutamin  2 J  of 
C  to  I  of  N.  It  is  also  impossible  to  ignore  the  fact  that  the  carbo- 
hydrate portion  may  be  even  larger  than  58.7  per  cent,  and  may  possi- 
bly contain  the  radicles  of  levulose,  of  galactose,  or  even  of  pentoses, 
substances  which  may  in  part  escape  elimination  in  phlorhizin  dia- 
betes. Again,  there  is  evidence  that  the  glucoside  phlorhizin  which 
yields  dextrose  in  the  laboratory  is  destroyed  in  the  body.  Hence 
the  sugar  of  all  compounds  of  dextrose,  even  in  phlorhizin  diabetes, 
may  not  appear  in  the  urine. 

Summary. 

1.  Frequent  subcutaneous  injections  of  phlorhizin  in  fasting  dogs 
establish  ultimately  the  ratio  in  the  urine  of  Dextrose :  Nitrogen : : 
3.75:  I,  which  indicates  a  production  of  60  grams  of  dextrose  from 
100  grams  of  proteid.  Taking  the  faecal  nitrogen  into  consideration, 
the  amount  of  dextrose  obtained  from  proteid  may  be  more  accu- 
rately estimated  at  ^8.7  per  cent. 

2.  The  proteid  metabolism  may  increase  above  that  in  simple 
fasting  to  an  extent  as  high  even  as  560  per  cent. 

3.  Dextrose  fed  in  phlorhizin  diabetes  is  quantitatively  eliminated. 
Levulose  and  galactose  are  not  eliminated  as  such,  but  only  in  so  far 
as  they  are  converted  into  dextrose. 

4.  Feeding  fat  does  not  affect  the  ratio. 

5.  Feeding  meat  does  not  affect  the  ratio  for  the  day,  but  the  sugar 
from  eaten  proteid  may  be  eliminated  before  the  nitrogen  belonging 
to  it,  on  account  of  an  early  preliminary  cleavage  of  the  molecule. 

6.  Gelatine  yields  the  same  amount  of  sugar  as  proteid  does. 
Gelatine  spares  much  proteid  from  metabolism. 

7.  Intestinal  putrefaction  and  fermentation  can  only  slightly  have 
affected  the  proteid  or  dextrose  which  were  fed  in  our  experiments. 
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ON   INTESTINAL  ABSORPTION   AND  THE   SALINE 

CATHARTICS.! 

By   GEORGE   B.  WALLACE   and   ARTHUR   R.    CUSHNY. 
[from  the  Laboratory  of  Pharmacology  in  the  University  of  Michigan^ 

IN  his  well-known  paper  on  the  absorption  of  salt  solutions  from 
the  intestine  Heidenhain  ^  came  to  the  conclusion  that  two 
distinct  factors  were  involved  in  the  process,  —  the  osmotic  pressure 
of  the  solution,  and  the  ** physiological  activity"  of  the  epithelium. 
The  latter  induces  a  constant  current  from  the  lumen  of  the  bowel 
towards  the  blood  vessels. 

Hamburger^  accepts  Heidenhain's  account  of  the  osmotic  action, 
but  attempts  to  show  that  his  "  physiological  activity "  is  really  a 
combination  of  the  effects  of  certain  physical  forces.  These  are 
molecular  imbibition;  the  intra-intestinal  pressure,  which  induces 
filtration ;  and  the  suction  induced  by  the  blood  current  through  the 
intestinal  vessels,  similar  to  that  observed  with  the  ordinary  suction 
pump  of  the  laboratory.  Hamburger's  explanation  of  the  intestinal 
absorption  therefore  involves  an  obscure  process  —  the  molecular 
imbibition  —  but  differs  from  Heidenhain's  in  not  involving  the  living 
cell. 

Heidenhain  performed  a  few  experiments  with  solutions  of  the 
saline  cathartic  magnesium  sulphate,  from  which  he  found  that  the 
water  was  much  more  slowly  absorbed  than  from  corresponding 
solutions  of  sodium  chloride.  He  explains  this  retarded  absorption 
by  supposing  that  the  sulphate  lessens  the  **  physiological  activity  " 
and  that  movement  of  its  solutions  is  therefore  controlled  more  by 

^  Received  by  the  editors  May  5.  1898. 

^  Heidenhain  :  Arch.  f.  d.  ges.  Physiol.,  1894,  Ivi,  p.  579. 

•  Hamburger  :  Archiv  fiir  Physiologie,  1896,  p.  428. 
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their  osmotic  pressure  than  is  the  case  when  solutions  of  non-purga- 
tive substances  such  as  common  salt  are  employed.  In  some  expe- 
riments in  which  sodium  sulphate  or  sodium  fluoride  was  added  to 
solutions  of  sodium  chloride  the  absorption  was  also  retarded  for 
the  same  reason,  each  of  these  salts  weakening  the  **  physiological 
activity,"  although  the  fluoride  is  much  more  powerful  than  the 
sulphate. 

Of  the  factors  involved  in  Hamburger's  scheme,  only  one  —  the 
molecular  imbibition  —  can  be  affected  by  a  change  in  the  salt  con- 
tained in  the  solution,  for  the  filtration  and  the  suction  of  the  blood 
current  remain  unchanged.  Hamburger  made  a  few  experiments  to 
satisfy  himself  that  "molecular  imbibition  could  occur  in  dead  tissues, 
but  a  much  more  extensive  investigation  of  the  subject  had  been  made 
earlier  by  Hofmeister.^  From  Hofmeister's  results  it  would  appear 
that  colloid  substances  (gelatine),  and  pieces  of  dried  tissue,  such  as 
the  wall  of  the  bladder,  are  by  no  means  indifferent  to  the  solutions 
in  which  they  are  soaked.  Thus  much  more  of  a  solution  of  sodium 
chloride,  and  of  the  salt  itself,  was  imbibed  than  of  solutions  of  some 
other  salts  including  some  of  the  saline  cathartics. 

The  more  recent  work  of  Hedin^  to  which  we  shall  return  later, 
indicates  that  the  red  blood  cells  also  imbibe  more  freely  the  solutions 
of  certain  salts  than  those  of  others  for  which  they  seem  to  have  less 
affinity. 

We  felt  that  some  light  might  be  thrown  on  the  process  of  intestinal 
absorption  by  a  more  accurate  definition  of  the  group  of  saline 
cathartics,  and  we  have  for  this  purpose  compared  the  rate  of  absorp- 
tion from  the  intestine  of  a  large  number  of  salt  solutions  with  that  of 
a  one  per  cent  sodium  chloride  solution.  On  looking  over  the  list  of 
salts  which  are  generally  regarded  as  saline  cathartics  it  is  apparent 
that  the  anion,  or  acid  constituent  of  the  salt,  is  generally  the  deter- 
mining factor.  Thus  sodium  sulphate,  potassium  sulphate,  sodium 
phosphate,  potassium  tartrate,  potassium-sodium  tartrate,  potassium 
citrate,  sodium  citrate,  potassium  ferrocyanide,  and  sodium  ferrocy- 
anide,  are  all  looked  upon  as  cathartics,  while  sodium  chloride,  potas- 
sium chloride,  sodium  acetate,  potassium  acetate,  etc.,  are  believed 
to  be  indifferent  so  far  as  action  on  the  bowel  is  concerned.  It  is 
evident   therefore  that  the  anion  or   acid  constituent   is  the  deter- 

*  HoFMEiSTER  :  Afcliiv  fiir  exper.  Pathol,  und  Pharmakol.,  1890,  xxvii,  p.  395; 
1891,  xxviii,  p.  210. 

^  Hedin:  Arch.  f.  d.  ges.  Physiol.,  1898,  Ixx,  p.  525. 
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mining  factor  here,  for  the  cations  K  and  Na  occur  in  both  groups. 
As  regards  the  magnesium  salts  the  basic  constituent  or  cation  would 
also  seem  to  be  involved,  for  while  in  magnesium  sulphate  and  mag- 
nesium citrate  the  purgative  anion  might  explain  the  effects,  these 
salts  are  generally  believed  to  be  more  active  than  the  corresponding 
salts  of  the  alkalies,  and  in  addition  magnesium  chloride,  magnesium 
oxide,  and  magnesium  carbonate  have  also  some  cathartic  action ; 
the  presumption  is  therefore  strong  that  the  Mg  ion  is  not  indifferent 
as  the  K  and  Na  ions  are. 

We  took  up  first  the  question  of  the  purgative  anions  by  compar- 
ing the  rate  of  absorption  of  a  large  number  of  salts  of  soda.  A 
preliminary  note  of  our  results  was  published  in  the  Journal  of  the 
Boston  society  of  medical  sciences,  January  18,  1898.  Almost  sim- 
ultaneously, Hober^  published  an  account  of  his  investigations  on  the 
absorption  of  a  number  of  salts,  dwelling  particularly  upon  the  effect 
of  the  basic  constituent.  We  have  therefore  confined  our  examina- 
tion of  the  cations  to  a  few  experiments  which  were  carried  out  mainly 
to  confirm  his  results,  which  we  have  much  pleasure  in  doing. 

In  order  to  compare  the  influence  of  the  salts  on  the  unknown 
factor  in  absorption,  whether  this  be  physiological  activity  or  molecular 
imbibition,  it  is  of  course  necessary  to  eliminate  the  influence  of  the 
known  factor,  osmosis,  by  using  solutions  of  the  same  osmotic  pressure. 
This  may  be  most  easily  accomplished  by  forming  solutions  which 
cause  an  equal  depression  of  the  freezing  point.  Our  point  of  de- 
parture was  a  solution  of  about  one  per  cent  sodium  chloride,  which 
gave  a  depression  of  the  freezing  point  (A)  of  0.59  —  0.64*^  C,  esti- 
mated by  Beckmann's  apparatus.  The  other  salts  employed  were 
•dissolved  in  water,  the  freezing  point  of  each  solution  determined, 
and  more  water  or  salt  added  until  A  approached  that  of  the  sodium 
chloride  solution.  We  are  therefore  unable  to  state  the  percentage 
composition  of  most  of  our  solutions,  but  append  the  depression  of 
the  freezing  point  to  each  one  (see  protocols,  page  429).  The  varia- 
tion in  the  A  of  the  solutions  may  at  first  sight  seem  to  be  consider- 
able, but  the  osmotic  pressure  never  varied  more  than  five  per  cent 
above  or  below  the  average ;  and  when  the  solution  of  a  salt  showed 
any  marked  departure  from  the  rate  of  absorption  of  the  standard 
sodium  chloride  solution,  care  was  taken  to  reduce  the  error  arising 
from  this  variation  in  the  osmotic  pressure  to  a  minimum.  As  a 
miatter  of  fact  a  considerable  variation  in  the  osmotic  pressure  may 

*  HOber  :  Arch.  f.  d.  ges.  Physiol.,  1898,  Ixx,  p.  624,  issued  March  3. 
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be  allowed  without  causing  any  appreciable  difference  in  the  rate  oP 
absorption,  owing  to  the  unavoidable  errors  of  the  method.^     Thus  a 
solution  of  NaCl  A  0.67  was  found  to  disappear  as  rapidly  as  one 
of  A  0.61. 

In  our  first  experiments  we  used  rabbits,  but  we  could  obtain  no 
satisfactory  results,  as  the  absorption  from  the  intestine  seems  to 
be  extremely  irregular  in  these  animals.  This  may  be  partly  due 
to  the  fact  that  it  is  impossible  to  empty  the  stomach  and  bowel  by 
fasting  of  reasonable  duration,  and  partly  perhaps  to  the  rabbit's 
intestine  being  more  sensitive  to  handling  than  that  of  the  other 
animals  used.  The  cat's  intestine  gave  somewhat  better  results,  but 
here  also  the  absorption  was  often  irregular.  The  great  majority  of 
our  experiments  were  performed  on  dogs,  and  we  have  left  those  on 
the  rabbit  entirely  out  of  account,  while  the  results  obtained  from  the 
cat's  intestine  have  always  been  controlled  by  others  on  the  dog. 

The  dogs  and  cats  were  anaesthetized  by  the  subcutaneous  injec- 
tion of  morphine,  followed  by  the  administration  of  chloroform 
acetone  by  the  mouth.  In  some  cases  ether  or  chloroform  was  given 
by  inhalation,  instead  of  chloroform  acetone.  In  every  case  the 
animal  fasted  for  36-48  hours  before  the  operation,  and  in  our  later 
experiments  we  obtained  the  best  results  from  animals  which  had 
fasted  for  three  or  four  days.  This  preliminary  fasting  appears  to  be 
of  great  importance  in  any  experiment  in  which  a  regular  absorption 
is  necessary. 

In  all  our  experiments  two  or  more  intestinal  loops  were  used. 
They  were  ligatured  off  in  the  usual  way.  We  are  quite  aware  of  the 
objections  to  this  method,  for  Hay^  showed  that  ligation  is  liable  to 
cause  irritation  of  the  bowel.  Owing  to  the  limited  supply  of  dogs, 
however,  we  could  choose  only  between  using  several  short  loops,  or 
using  one  long  loop  a  number  of  times,  and  we  soon  found  that  the 
necessary  manipulations  rendered  a  loop  very  unreliable  after  three 
or  four  injections.  We  have  attempted  to  avoid  the  disadvan- 
tages of  our  method  by  using  a  series  of  controls.  Thus,  the  ex- 
periment was  commenced  by  ascertaining  the  rate  of  absorption  of 
the  standard  solution  in  all  the  loops,  and  this  control  was  repeated 
whenever  any  solution  was  found  to  deviate  considerably  from  the 

*  In  Experiments  21  and  23,  solutions  of  salts  which  differed  considerably  in 
their  osmotic  pressure  were  used  for  a  purpose  apart  from  the  general  scope  of 
the  work. 

*  Hay  :  Saline  cathartics,  Edinburgh,  1884. 
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standard  solution  in  rate  of  absorption.  In  this  way  any  abnormality 
developed  in  an  individual  loop  could  be  recognized.  In  addition 
one  loop  was  injected  each  time  with  the  standard  solution,  and  we 
could  thus  eliminate  any  errors  due  to  the  general  condition  of  the 
animal,  and  also  those  arising  from  the  manipulation,  for  the  control 
loop  was  treated  in  exactly  the  same  manner  as  the  others.  In  esti- 
mating the  rate  of  absorption  of  any  solution  we  have  taken  into 
consideration  not  only  the  variation  in  the  particular  loop  in  which  it 
was  contained,  but  also  any  change  in  the  control  loop.  Our  loops 
were  much  shorter  than  those  of  most  other  investigators,  varying 
from  25  to  45  cm.,  but  it  seems  to  us  that  the  unabsorbed  fluid  can 
be  much  more  completely  removed  from  these  short  loops  than  from 
the  longer  ones,  and  that  one  source  of  error  may  thus  be  lessened. 
On  the  other  hand,  the  short  loops  have  the  disadvantage  that  greater 
irritation  is  produced  by  the  close  proximity  of  the  ligatures ;  but  we 
believe  that  our  system  of  controls  has  reduced  very  greatly  the  error 
arising  from  this  source  as  well  as  the  error  due  to  the  different  rate 
of  absorption  in  different  parts  of  the  bowel  (Hcidenhain).  A  glass 
cannula  was  passed  into  each  loop,  fixed  by  a  ligature,  and  closed 
by  a  short  indiarubber  tube  and  clamp.  In  some  of  the  early  experi- 
ments the  loops  were  washed  out  before  and  after  each  injection  of 
salt  solution,  but  we  found  that  the  additional  manipulation  caused  a 
larger  error  than  that  arising  from  the  use  of  unwashed  loops,  and  this 
procedure  was  abandoned  in  our  later  work.  The  loops  were  emptied 
by  gently  stripping  them,  and  were  not  exposed  to  the  air  longer  than 
was  absolutely  necessary  in  order  to  empty  them  completely. 
The  salts  examined  fall  naturally  into  groups  as  follows: 
I.  The  halogen  salts:  NaCl,  NaBr,  Nal.  NaFl.  Exp.  17,  18,  19. 
Of  these  salts  the  bromide  seemed  to  be  absorbed  as  rapidly  as  the 
chloride,  while  the  iodide  was  sometimes  absorbed  more  slowly.  In 
Experiment  17,  however,  all  three  salts  disappeared  equally  from  the 
loops,  and  in  this  experiment  it  is  noted  that  a  fresh  iodide  solution 
prepared  that  morning  was  used.  It  seems  possible  that  the  diver- 
gence in  Experiments  18  and  19  was  due  to  the  use  of  an  older  solu- 
tion, in  which  some  decomposition  had  occurred.  Hober  found  the 
chloride  the  most  easily  absorbed  of  the  three,  then  the  bromide,  and 
last  the  iodide.  In  our  experiments  we  did  not  observe  such  marked 
differences  in  the  rate  of  absorption  as  appear  in  his  protocols,  and  in 
fact  are  inclined  to  hold  that  very  little  difference  exists  between 
these  salts  in  regard  to  the  rate  of  absorption  of  their  solutions.     The 
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fluoride,  on  the  other  hand,  is  absorbed  with  great  difficulty,  as  is 
shown  in  Experiment  19  and  in  others  not  included  in  the  published 
protocols.  It  always  caused  more  or  less  congestion  and  inflammation 
of  the  loop,  as  is  evidenced  by  the  absence  of  absorption  of  the 
standard  solution  from  the  loop  afterwards.  Heidenhain  also 
found  that  the  presence  of  even  a  small  percentage  of  fluoride  in 
a  salt  solution  retarded  its  absorption.  The  chloride,  bromide, 
and  iodide  may  thus  be  classed  among  the  indifferent  salts,  while  the 
fluoride  has  a  very  distinctly  retarding  effect  on  absorption. 

2.  Other  inorganic  salts  :  Na..S04,  Na(CoHr,)S04,  NaNOg,  NajHP04, 
NaH.PO,,  MgS04,  KNO;„  K(C,Ii;)SO„HNH4)2S04.  Experiments 
I,  2,  9,  10,  12,  17,  18,  20,  21,  22,  23,  24.  The  simple  sulphates  were 
absorbed  much  more  slowly  than  the  chlorides,  as  has  been  observed 
by  a  number  of  workers  on  the  subject.  No  evidence  of  inflammatory 
reaction  was  observed,  and  the  loop  rapidly  returned  to  its  normal 
condition  when  the  solution  was  removed.  Sodium  ethyl-sulphate  has 
been  used  occasionally  as  a  mild  saline  purge,  and  from  our  experi- 
ments it  would  seem  to  stand  midway  between  sodium  chloride  and 
sodium  sulphate.  No  simple  sulphate  was  contained  in  the  fluid 
injected  or  in  the  residue.  The  nitrate  solutions  are  more  slowly 
absorbed  than  the  chlorides,  but  much  more  rapidly  than  the  sul- 
phates, as  was  observed  also  by  Hober.  The  use  of  the  nitrates 
was  followed  in  one  of  our  experiments  (Exp.  18)  by  very  distinct 
signs  of  irritation  and  inflammatory  reaction,  the  residue  being  blood- 
stained and  containing  large  quantities  of  mucus.  The  nitrates  are 
generally  looked  upon  as  being  more  irritant  to  the  alimentary  canal 
than  such  salts  as  the  chlorides  and  sulphates,  and  although  in  the 
second  experiment  (Exp.  24)  no  signs  of  irritation  of  the  bowel 
were  present,  we  think  it  questionable  whether  the  fluid  found  at  the 
end  of  the  experiment  was  really  due  to  the  lack  of  absorption  or  to 
an  effusion  into  the  bowel.  The  two  phosphates  proved  almost  iden- 
tical in  the  rate  of  absorption,  and  may  best  be  classed  with  sodium 
sulphate. 

3.  Fcrrocyanides  and  ferricyanidcs.  Experiments  21,  22,  23. 
These  two  salts  seem  to  be  absorbed  as  slowly  as  the  sulphates.  The 
ferricyanide  solution  contained  no  ferrocyanide  when  injected,  but 
the  residue  gave  a  copious  precipitate  of  Prussian  blue,  indicating  that 
much  of  the  ferricyanide  had  been  reduced  to  the  ferrocyanide^ 
The  effect  is  therefore  probably  due  to  the  latter  salt. 

^  This  salt  was  found  to  contain  a  considerable  quantity  of  ordinary  sulphate. 
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4.  Salts  of  the  fatty  acids :  sodium  formate,  acetate,  propionate, 
butyrate,  valerate,  caproate,  cenanthylate,  and  caprylate.  Experi- 
ments 4,  7,  II,  13,  14,  15,  16,  19.  The  first  six  of  these  salts  are 
absorbed  as  rapidly  as  the  chloride.  The  cenanthylate  disappears 
somewhat  more  slowly,  although  in  Experiment  1 5  this  is  not  the 
case.  The  caprylate  is  somewhat  more  rapidly  absorbed  than  the 
sulphate. 

The  lactate  (Experiments  11  and  13)  seems  to  lie  midway  between 
the  chloride  and  sulphate  of  soda. 

5.  Oxalic  acid  series :  Oxalate,  malonate,  and  succinate  of  sodium. 
Experiments  3,  7,  8,  13,  25.  The  oxalate  is  but  little  absorbed,  and 
always  induces  congestion  and  inflammation,  from  which  the  loop 
does  not  soon  recover.  It  therefore  resembles  the  fluoride.  The 
malonate  and  succinate  solutions  are  scarcely  absorbed,  but  do  not 
cause  inflammation,  and  the  loop  recovers  after  the  solution  is 
removed. 

6.  Tartrate y  citrate,  and malate  of  sodium:  Experiments  3,  5,  6,  7, 
8,  13,  14.  The  solutions  of  these  three  salts  are  absorbed  at  about 
the  same  rate  as  those  of  the  sulphates.  The  first  two  are  well-known 
saline  cathartics. 

7.  Salts  of  the  aromatic  acids  :  Salicylate,  ortho-phthalate,  and  para- 
phthalate  of  soda.  Experiments  12,  17.  The  phthalates  seem  to 
disappear  more  slowly  than  the  chlorides,  but  do  not  retard  absorp- 
tion to  the  same  extent  as  do  the  sulphates.  The  salicylate  was 
also  slowly  absorbed,  but  was  used  in  only  one  experiment,  which  is 
insufficient  to  determine  its  exact  position. 

8.  The  metallic  ions:  Sodium,  potassium,  ammonium,  magnesium, 
barium,  calcium.  In  all  the  experiments  except  23,  24,  and  25  these 
are  combined  with  — SO4,  — NOa,  — FeCys,  and  — FeCy4  ions.  In 
Experiments  23,  24,  and  25,  their  chlorides  and  calcium  acetate  are 
compared.  No  difference  could  be  detected  in  the  behavior  of  the 
potassium  and  sodium  salts.  The  ammonium  chloride  solution  dis- 
appeared in  Experiment  25  more  rapidly  than  the  standard  sodium 
chloride  solution,  while  in  Experiment  24  it  was  absorbed  at  least  as 
quickly;  but  here  the  sodium  chloride  solution  was  also  entirely 
absorbed,  so  that  it  is  impossible  to  state  which  was  taken  up  the 
more  rapidly  from  the  bowel  in  this  experiment.  The  salts  of  the 
alkaline  earths  were  absorbed  much  more  slowly  than  the  correspond- 
ing salts  of  the  alkalies.    As  regards  the  cations,  therefore,  our  results 

are  practically  identical  with  those  of  Hober. 
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The  soda  salts  can  thus  be  arranged  into  four  fairly  distinct  groups, 
according  to  the  rate  of  absorption  of  their  solutions. 


TABLE   I. 


I. 

n. 

m. 

IV. 

Chloride. 
Bromide. 
Iodide. 

Fluoride. 

Ethyl-Sulphate. 
Nitrate. 

Sulphate. 
Phosphates. 

Ferrocyanide. 
Ferricyanide. 

Formate. 

Acetate. 

Propionate. 

Butvrate. 

Valerate. 

Caproate. 

CEnanthylate. 
Lactate. 

Caprylate. 

Malonate. 
Succinate. 

Oxalate. 

Tartrate. 

Citrate. 

Malate. 

Salicylate. 
Phthalates. 

The  solutions  of  the  salts  of  column  I  are  all  absorbed  equally 
rapidly.  Those  of  column  II  vary  more  or  less  in  their  behavior, 
but  are  generally  absorbed  more  slowly  than  those  of  I.  Those  of 
III  disappear  very  slowly,  but,  as  a  general  rule,  do  not  impair  the 
absorption  of  the  loop  permanently,  while  the  solutions  of  IV  scarcely 
lessen  at  all  in  amount  and  evidently  injure  the  loop  seriously,  for  the 
solutions  subsequently  injected  are  only  slowly  absorbed  or  may  even 
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increase  in  amount.  We  are  not  inclined  to  look  upon  this  as  differ- 
entiating the  salts  of  IV  from  those  of  III  qualitatively  but  only 
quantitatively,  for  the  subsequent  absorption  was  sometimes  im- 
paired by  the  salts  of  III,  and  Hay  also  found  that  strong  solu- 
tions of  sodium  sulphate  reduced  the  absorption  of  sodium  chloride 
afterwards. 

This  table  resembles  in  many  features  that  given  by  Hofmeister  to 
indicate  the  relative  power  of  different  salts  to  precipitate  egg  albu- 
min.^ His  tables  may  be  abbreviated  by  arranging  the  salts  in  two 
columns.  It  must  be  premised  that  the  cations  seem  to  have  more 
influence  here  than  in  the  intestine. 


Ions  with  little  or  no  power  of 
precipitation. 

Chlorides. 

Bromides. 

Iodides. 

Nitrates. 

Some  acetates  and  chromates. 


Ions  with  greater  power  of 
precipitation. 

Sulphates. 

Phosphates. 

Acetates. 

Citrates. 

Tartrates. 

Chromates. 


In  experiments  on  the  precipitation  of  gelatine  with  neutral  salts 
he  obtained  similar  results,  and  also  in  those  on  the  precipitation  of 
colloid  iron  oxide,  while  the  sodium  oleate  solutions  behave  differ- 
ently in  regard  to  some  salts.^ 

Hofmeister  ^  found  that  gelatine  plates  absorbed  less  fluid  when 
soaked  in  sulphate,  tartrate,  citrate,  or  acetate  solutions  than  in 
chlorides,  chlorates,  nitrates,  or  bromides.  Here,  as  in  his  experi- 
ments on  the  precipitation  of  egg  albumin,  the  results  are  calculated 
for  normal  solutions  so  that  they  may  be  considered  as  isotonic 
except  in  so  far  as  the  dissociation  of  the  salt  is  concerned.  His 
experiments  on  the  imbibition  by  pieces  of  the  bladder  wall  were 
unfortunately  carried  out  with  percentage  solutions  and  cannot  be 
utilized  for  comparison.  The  same  is  true  of  Limbeck's  *  experiments 
on  the  diuretic  action  of  salts. 

It  will  be  seen  that  Hofmeister's  results  do  not  quite  correspond 
with  ours,  although  they  bear  a  very  close  resemblance.     The  most 

*  Hofmeister:  Archiv  fiir  exper.  Pathol,  und  Pharmakol.,  1888,  xxiv,  p.  247. 

*  Hofmeister:  Ibid.^  1888,  xxv,  p.  i. 

«  Hofmeister:  Ibid.^  1891,  xxviii,  p.  210. 

*  Limbeck  :  Archiv  fiir  exper.  Pathol,  und  Pharmakol.,  1888,  xxv,  p.  69. 
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striking  difference  is  in  the  behavior  of  some  of  the  acetates,  which 
precipitate  proteids  and  other  colloids  and  prevent  the  imbibition  of 
gelatine  plates  much  more  than  the  chlorides  do,  while  in  our  experi- 
ments solutions  of  the  acetates  and  chlorides  are  equally  rapidly 
absorbed  from  the  intestine. 

In  spite  of  this  and  of  some  other  minor  differences  which  may  be 
found  by  comparing  Hofmeister's  original  tables  with  ours,  there  is  a 
very  striking  similarity  in  our  results,  —  most  of  those  salts  which 
precipitate  egg  albumin  and  prevent  the  permeation  of  gelatine  plates 
also  retard  the  absorption  of  fluid  from  the  intestine.  This  would 
seem  to  support  the  view  that  these  salts  act  as  saline  cathartics 
not  through  their  lessening  the  "  physiological  activity "  of  the 
intestinal  wall,  as  Heidenhain  supposed,  but  through  their  being 
devoid  of  some  general  relation  to  colloid  substances,  organized  or 
unorganized.  This  would  not  entail  the  belief  that  absorption  from 
the  intestine  is  a  purely  physical  process,  for  the  suggested  explana- 
tion only  covers  the  absorption  of  the  fluid  into  the  epithelium,  and 
does  not  attempt  to  account  for  its  transmission  to  the  bloodvessels. 

On  the  other  hand  some  facts  point  to  the  opposite  conclusion, 
namely,  that  the  reaction  of  the  intestinal  epithelium  to  the  salts  is 
not  due  to  the  general  physical  properties  of  colloids.  Thus  Hedin  ^ 
investigated  the  behavior  of  the  red  cells  of  the  blood  in  solutions  of 
various  ammonium  salts,  and  found  that  they  were  permeated  with- 
out resistance  by  the  chloride,  bromide,  sulpho-cyanate,  oxalate, 
ferro-  and  ferricyanide,  lactate,  and  ethyl-sulphate,  while  the  sul- 
phate, phosphate,  tartrate,  and  succinate  penetrated  them  with  diffi- 
culty. These  results  present  much  greater  contrasts  to  ours  than 
Hofmeistcr's  do,  for  while  the  ions  that  penetrate  the  red  blood 
cells  with  difficulty  also  prevent  the  absorption  of  fluids  by  the  intes- 
tinal wall,  several  ions  that  permeate  the  blood  corpuscles  with  ease 
act  as  cathartics  (oxalates,  ferrocyanides),  and  others  stand  mid- 
way between  the  cathartics  and  the  indifferent  ions  (ethyl-sulphate, 
lactate).  It  is  evident  therefore  that  the  colloids  of  the  red  blood 
cells  and  those  of  the  intestinal  epithelium  differ  very  considerably 
in  their  relations  to  different  anions,  although  there  are  some  common 
features.  This  conclusion  is  confirmed  by  the  fact  that  the  red  cells 
are  permeated  only  with  the  greatest  difficulty  by  the  fixed  alkali 
ions,  whereas  comparatively  little  resistance  is  offered  by  the 
intestine. 

*  Hedix  :  loc.  cit. 
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Again,  Leathes  and  Starling^  found  that  the  pleural  endothelium 
absorbed  solutions  of  magnesium  sulphate  and  sodium  sulphate  as 
rapidly  as  those  of  sodium  chloride,  so  that  here  the  cell  contents 
present  yet  another  variation  in  their  affinities. 

Lastly  Pohl,2  Young,'  and  others  have  investigated  the  precipita- 
tion of  colloid  carbohydrates  by  neutral  salts  and  find  a  considerable 
variation  in  their  relations.  Pohl  states  that  the  sulphate  of  ammo- 
nia precipitates  a  larger  number  of  these  than  the  phosphate  of 
ammonia  or  the  acetate  of  potash,  while  these  again  act  on  a  larger 
number  than  the  sulphate  of  magnesium.  The  conclusion  seems 
inevitable  that  while  a  general  resemblance  may  exist  in  the  relation 
of  the  neutral  salts  to  the  different  groups  of  colloid  bodies,  the 
details  vary  with  each  individual  colloid.  This  differentiation  of  salts 
into  two  scries,  —  the  one  permeating  the  intestinal  epithelium,  the 
other  apparently  repelled  by  it,  naturally  demands  explanation,  and 
we  have  therefore  attempted  to  find  some  further  characters  common 
to  the  cathartic  salts  and  not  possessed  by  the  indifferent  salts. 

Loeb  *  has  recently  advanced  the  view  that  the  action  of  some  sub- 
stances may  be  determined  by  the  number  of  dissociated  ions,  and 
by  their  velocity.  The  amount  of  dissociation  can  scarcely  be  ex- 
pected to  have  much  importance,  however,  where  identical  effects  are 
obtained  with  two  salts  which  vary  so  greatly  in  their  dissocia- 
tion as  the  chloride  and  acetate  of  sodium.  Dr.  K.  Guthe  of 
the  physical  laboratory  had  the  kindness  to  ascertain  the  relative 
electrolytic  conductivity  of  our  solutions,  and  we  found  that  it  bore 
no  relation  to  their  behavior  in  the  intestine.  For  example,  the 
sodium  chloride  solution  gave  a  deviation  of  the  electrometer  of  158, 
the  acetate  of  97.5,  the  fluoride  of  no,  the  oxalate  of  155,  the  tar- 
trate of  137,  and  the  sulphate  of  235.  The  purgative  fluoride  and 
oxalate  therefore  stand  between  the  indifferent  acetate  and  chloride. 
The  variation  in  the  velocity  of  the  anions  is  also  apparently  without 
significance,  for  as  it  decreases  with  an  increase  in  the  atomic  weight 
the  purgative  caprylate  ion  must  have  a  smaller  velocity  than  the 
indifferent  caproate  or  acetate,  while  the  oxalate  ion  on  the  other 
hand  must  have  a  greater  velocity  than  the  succinate,  which  how- 
ever is  less  purgative. 

*  Leathes  and  Starling  :  Journal  of  physiology,  1895,  xviii,  p.  106. 
'  PoHL  :  Zeitschr.  f.  physiol.  Chemie,  1890,  xiv,  p.  151. 

*  Young  :  Journal  of  physiology,  1897,  xxi,  p.  xvi. 

*  Loeb  :  Arch.  £.  d.  ges.  Physiol.,  1897,  Ixix,  p.  i. 
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The  physical  differences  of  the  sohitions  do  not  present  any  rela- 
tion to  the  differences  in  their  action,  then,  and  we  have  sought 
for  some  pharmacological  property  common  to  the  cathartics,  and 
not  possessed  by  the  indifferent  salts.  As  regards  the  oxalate  and 
fluoride  (4th  column,  table  I),  this  might  be  found  in  their  action 
as  general  protoplasmic  poisons;  the  connection  between  this  and 
their  action  on  the  bowel  is  rendered  more  plausible  by  the  fact  that 
the  addition  of  quinine  hydrochlorate,  a  well  known  protoplasmic 
poison,  to  the  standard  solution  prevents  absorption  and  causes  con- 
gestion and  irritation,  although  the  quantity  added  is  too  small  to 
alter  the  osmotic  pressure. 

It  is  more  difficult  to  find  any  relation  between  the  substances  of 
the  third  column,  for  whtlc  the  tartrate  and  citrate  are  undoubtedly 
poisonous  when  injected  into  the  blood,  the  sulphate  has  little  or  no 
such  effect.  Most  of  these  salts  are  dibasic  or  tribasic,  while  those 
of  the  first  column  are  monobasic;  but  the  significance  of  this  fact 
is  lessened  by  the  presence  of  the  phthalates  in  the  second  column, 
and  of  the  caprylatcs  in  the  third. 

The  lower  members  of  the  acetic  acid  scries  permeate  freely,  but 
a  sudden  change  occurs  when  the  oenanthylate  and  caprylate  are 
reached.  This  would  suggest  that  the  increasing  size  of  the  mole- 
cule influenced  the  rate  of  absorption,  but  this  does  not  hold  good  in 
other  cases,  for  the  malonatc  and  succinate  —  the  higher  members 
of  the  oxalic  acid  series  —  are  less  cathartic  than  the  lowest  homo- 
logue,  the  oxalate. 

The  second  column  is  even  less  homogenous  than  the  third.  The 
oenanthylate  may  be  looked  upon  as  bridging  the  gap  between  the 
permeating  simpler  members  and  the  purgative  higher  members 
of  the  acetic  acid  series,  while  the  lactate  and  salicylate  bear 
some  relation  to  each  other  in  both  being  oxy-acids.  The  phthalate 
and  ethyl-sulphate,  on  the  other  hand,  might  have  been  expected  in 
the  third  column,  for  the  former  is  a  dibasic  salt,  like  most  of  the 
other  salts  of  the  third  column,  while  the  ethyl-sulphate  might  be 
expected  to  resemble  the  simple  sulphate. 

One  curious  relation,  which  struck  us  early  in  our  experiments, 
and  which  determined  to  some  extent  the  direction  of  our  work, 
was  that  existing  between  the  behavior  of  the  ions  in  the  intestine 
and  the  solubility  of  the  corresponding  calcium  salts. 

The  solubility  of  some  of  these  salts  has  not  been  determined,  and 
we  have  therefore  ascertained  them  by  shaking  the  calcium  salt  in 
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water  for  three  or  four  hours  and  estimating  the  amount  of  the  salt 
dissolved  in  a  given  quantity  of  the  filtered  solution  by  evaporating 
and  weighing.  The  results  of  the  estimations  made  by  others  and 
by  ourselves  are  given  in  the  following  table,  in  which  the  figures  in 
the  first  column  give  the  number  of  grams  of  salt  dissolved  in  100 
c.c.  water,  while  the  figures  in  the  second  column  give  the  tempera- 
ture at  which  the  estimation  was  made.  We  have  selected  tempera- 
tures at  40°  C.  where  possible,  so  as  to  approach  the  conditions  in 
the  body  more  nearly. 

TABLE   II. 
Grains  of  Calcium  Salt  dissolved  in  loo  ex.  of  water  at  tht  temperature  gii^en. 


Calcium  iodide  ^  .  . 
bromide  ^  . 
chloride  ^  . 
nitrate®  .  . 
propionate  ^ 
acetate  ^ 
formate '  . 
butyrate  •  . 
lactate  .  . 
valerate  * 
caproate^  . 
succinate-  . 


Grams 


228.00 
213.00 
104.00 
8240 
37.72 
33.90 
17.40 
16.30 

•    •    •    • 

8.20 


C. 


40.0 
40.0 
35.0 


40.0 
40.0 
39.7 
40.0 

•    •    •    • 

40.0 


2.50    I  40.0 
1.15    I  41.6 


Calcium  cenanthylate  ^ 

malate  .... 
ferrocyanide  .     . 
phthalate  (ortho) 
malonate  * 
sulphate  ^ . 
caprylate  . 
citrate  .     . 
tartrate 
hydric  phosphate  ® 
fluoride  *  .     .     . 
oxalate 


•         • 


Grams 


0.786 
0.753 
0580 
0.528 
0  422 
0.210 
0133 
0.089 
0.045 
0.028 
0.037 
00 


C. 


40.0 
21.5 
23.0 
21.5 
40.0 
38.0 
21.5 
21.5 
21.5 

ao 

15.0 
21.5 


*  Raupenstrauch  :  Monalshefte  fiir  Chemie,  1885,  vi,  p.  579. 

2  MiCZYNSKI :  ibid.,  1886,  vii,  p.  2.55  *  Kra.snicki  :  ibid.,  1887,  viii,  p.  595. 

*  FORTH :  ibid.,  1888,  ix,  p.  308.  *  Keppich  :  ibid.,  1888,  ix,  p.  589. 
®  Deazathy  :  ibid.,  1893,  xiv,  p.  250.  "^  Landau  :  ibid.,  1893,  *»v,  p.  707. 
8  CoMEY  :  Dictionary  of  chemical  solubilities,  London,  1896. 


On  comparing  Table  I  and  Table  II,  it  will  be  observed  at  once 
that  the  most  soluble  calcium  salts  are  those  formed  by  combinations 
with  the  indifferent  ions  (first  column,  table  I),  while  the  cathartic 
salts  of  the  third  column  form    very  much  less  soluble  salts  with 
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calcium  and  the  fluoride  and  oxalate  (fourth  column)  are  entirely 
insoluble.  This  is  remarkably  exemplified  by  the  behavior  of  the 
acetic  series,  for  while  the  first  six  members  of  this  series  are  in- 
different in  the  intestine  and  form  fairly  soluble  salts  with  lime,  the 
seventh  (cenanthylic)  is  slowly  absorbed  and  rather  insoluble,  and 
the  eighth  (caprylic),  which  is  very  insoluble,  acts  in  the  same  way 
as  the  sulphates.  In  the  same  way  the  least  permeating  member 
of  the  oxalic  acid  series  (oxalic)  forms  an  absolutely  insoluble  lime 
salt,  while  the  less  cathartic  higher  members  form  more  soluble 
compounds  with  calcium. 

Some  exceptions  to  the  general  rule  undoubtedly  exist,  apart 
from  the  nitrates,  which  we  do  not  regard  as  of  the  same  class  as 
the  others.  Thus  the  succinate  of  calcium  is  more  soluble  than  the 
cenanthylate,  and  yet  sodium  succinate  is  more  cathartic,  while 
the  phthalates  are  less  soluble  *  and  yet  appear  in  the  second  column. 
The  lactate  and  salicylate  also  form  rather  soluble  lime  salts  and 
yet  appear  to  be  somewhat  slowly  absorbed.  Another  exception 
is  the  ethyl-sulphate,  which  forms  a  very  soluble  lime  salt,  but  it 
seems  not  impossible  that  this  body  may  in  part  be  decomposed  in 
the  course  of  absorption,  in  which  case  the  sulphate  formed  would 
retard  absorption.  Similarly,  the  ferricyanide  of  calcium  is  soluble, 
but  the  sodium  salt  is  reduced  to  the  ferrocyanide  in  the  intestine 
and  therefore  retards  absorption. 

It  is  to  be  remarked,  however,  that  no  very  soluble  lime  salt  is 
formed  by  the  really  cathartic  group  of  ions  (third  and  fourth  col- 
umns, table  I),  while  no  acid  forming  insoluble  lime  salts  is  found  in 
the  first  column.  The  exceptions  cited  above  all  fall  into  the  second 
column,  which  is  a  makeshift  group  of  substances  neither  entirely 
indifferent  nor  sufficiently  slowly  absorbed  to  entitle  them  to  a 
place  among  the  distinctly  cathartic  salts.  Besides,  it  is  very  evident 
that  the  property  which  prevents  the  absorption  of  certain  ions, 
and  at  the  same  time  renders  their  combinations  with  lime  insoluble, 
is  not  the  only  determining  factor  in  absorption,  for  quinine 
hydrochloratc  in  traces  prevents  absorption.  These  exceptions 
therefore  do  not  seem  to  us  to  invalidate  the  general  result, 
namely,  that  acids  which   form  insoluble  salts  with  calcium  act  as 

^  The  phthalates  of  calcium  are  said  to  differ  considerably  in  solubility,  but 
we  found  that  the  two  phthalates  precipitate  lime  water  in  the  same  degree  of 
dilution.  The  quantity  at  our  disposal  did  not  admit  of  more  accurate  chemical 
examination. 
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cathartics  when  combined  with  ordinarily  indifferent  bases  such  as 
the  alkalies. 

The  question  at  once  arises  whether  the  connection  between 
these  two  properties  is  a  causal  one,  i.  e,,  whether  the  cathartic  salts 
are  slowly  absorbed  because  they  precipitate  calcium  in  the  intestinal 
wall.  It  is  needless  to  say  that  this  is  a  possible  explanation,  for 
the  precipitation  of  calcium  has  been  shown  to  have  a  very  con- 
siderable effect  in  such  processes  as  the  coagulation  of  the  blood 
and  of  milk.  The  importance  of  calcium  in  the  nutrition  of  the 
heart  and  of  developing  ova  (Ringer),  in  the  contraction  of  muscle 
(Locke),  in  the  irritability  of  nerve  fibres  (Howell),  and  in  the 
growth  of  plants  (Loew)  is  generally  recognized,  ^  and  we  are 
tempted  to  suppose  that  in  the  absorption  from  the  bowel  the 
calcium  plays  a  similar  r61e.  We  feel  however  that  our  experiments 
are  not  sufficient  to  allow  of  a  positive  statement,  and  must  leave 
the  question  open  for  the  present.  Howell's  work  on  the  action  of 
oxalates  on  the  heart  left  him  in  the  same  position  of  uncertainty 
as  to  whether  the  effects  were  due  to  a  precipitation  of  calcium  or 
to  some  specific  action  of  the  oxalates.^  In  this  relation  we  may 
mention  that  in  a  number  of  experiments  which  we  have  performed 
on  the  tortoise  heart  the  sulphate  of  sodium  seemed  to  have 
the  same  effect  as  the  acetate,  while  the  citrate  was  extremely 
poisonous. 

In  the  account  of  our  results  hitherto  we  have  tacitly  assumed  that 
the  salt  failed  to  permeate  the  intestinal  wall.  This  assumption  is 
based  upon  results  obtained  by  Hay,  and  more  lately  by  Kovesi^  and 
confirmed  by  our  own  observations  that  a  considerable  amount  of  the 
cathartic  salt  remains  in  the  fluid  in  the  intestine.  Some  salt  un- 
doubtedly disappears,  but  not  nearly  so  much  as  when  solutions  of 
chloride  of  sodium  or  of  any  other  indifferent  salt  are  used.  The 
depression  of  the  freezing  point  (A)  of  the  residue  remains  un- 
changed if  the  solution  was  originally  isotonic,  as  were  most  of  our 
solutions.  If  on  the  other  hand  a  hyperisotonic  solution  is  injected, 
the  A  slowly  declines  to  about  .61  (that  of  the  blood),  while  if  a 
hypistonic  solution  is  used,  a  concentration  of  the  fluid  sets  in  until 
the  A  again  approaches  that  of  the  blood.  This  is  in  accord  with 
Kovesi's  results  on  the  rabbit's  intestine,  but  does  not  conflict  as  he 
supposes  with  Heidenhain's  results  obtained  with  sodium   chloride 

^  Howell  :  Journal  of  physiology,  1894,  xvi,  p.  476. 
*  KovESi :  Centralblatt  fiir  Physiologic,  1897,  xi,  p.  553. 
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solutions,  for  the  alteration  in  the  A  of  the  intestinal  contents  is  evi* 
dently  due  in  both  cases  to  the  osmotic  interchange  of  fluid  and  salt 
with  the  blood,  which  Heidenhain  fully  recognized. 

In  many  of  our  experiments  a  considerable  amount  of  mucus  was 
present  in  the  residual  fluid,  but  this  was  not  constant,  and  there  did 
not  seem  more  mucus  in  the  residue  of  the  cathartic  solutions  than  in 
that  of  the  standard  solution.  In  many  of  the  intestinal  loops  tape- 
worms were  present,  and  in  these  there  seemed  more  mucus  than 
elsewhere.  Hay  ^  is  inclined  to  look  upon  the  increased  secretion  of 
mucus  by  the  intestine  under  sodium  sulphate  as  of  some  importance 
in  retarding  absorption,  and  this  explanation  has  been  again  brought 
forward  by  Fusari  and  Marfori.^  We  are  not  disposed  to  look  upon 
the  secretion  of  mucus  as  of  much  importance  in  determining  the 
absorption  or  non-absorption  of  the  cathartic  solutions. 

The  objection  may  always  be  brought  against  the  method  we  have 
adopted  that  the  conditions  are  so  abnormal  that  no  inferences  as  to 
the  behavior  of  the  uninjured  intestine  can  be  drawn.  On  the  other 
hand  no  accurate  results  can  be  obtained  by  measuring  the  fluid  in 
the  faeces  after  the  use  of  one  of  the  purges,  because  the  amount  of 
fluid  in  the  bowel  previously  is  unknown.  We  have  therefore  at- 
tempted to  determine  the  action  of  these  purgatives  by  comparing 
the  amount  of  fluid  which  escaped  frotn  a  caecal  fistula  after  the 
administration  by  the  stomach  of  isotonic  solutions  of  various 
salts. 

A  medium  sized  dog  was  chloroformed,  the  abdomen  laid  open,  and  a  loop 
of  intestine  immediately  above  the  termination  of  the  ileum  sewed  into  the 
wound.  Four  days  later,  when  complete  adhesion  had  occurred,  and  the 
wound  was  rapidly  healing,  the  loop  was  opened.  A  week  later,  the  exami- 
nation of  the  action  of  different  salts  was  commenced.  The  animal  received 
no  food  in  the  morning  and  in  the  afternoon  a  measured  quantity  of  sodium 
chloride  (A  .615)  was  administered  by  the  stomach  tube  and  the  amount  of 
fluid  passed  by  the  fistula  during  the  next  hour  measured.  When  no  more 
fluid  was  passed  an  equal  amount  of  an  isotonic  solution  of  another  salt  was 
given  in  the  same  way,  and  the  fluid  escaping  by  the  fistula  again  measured. 
The  results  confirmed  those  obtained  by  the  other  method,  but  the  investiga- 
tion could  not  be  carried  far  as  the  animal  died,  apparently  from  having  been 
exposed  to  great  cold  during  the  night  of  Dec.  25. 

^  Hay:  Saline  cathartics,  1884,  p.  69. 

2  Fusari  and  Marfori  :  Atti  della  acad.  delle  scienze  med.  e  nat.  in  Ferrara^ 
1894;  cited  from  Centralbl.  f.  innere  Medicin,  1894,  p.  1245. 
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Our  results  were  as  follows  : 

Dec.  n,  1897. 

Experiment  1.    Injected  into  stomach  loo  c.c.  NaCl  A  .615. 
15'    Some  solid  matter  evacuated  with  a  few  c.c.  fluid. 
60'    Total  amount  discharged  5  c.c.  fluid  and  fsecal  matter. 

Experiment  2.     Injected  100  c.c.  sodium  citrate  A  .62. 

15'    Some  faecal  matter  discharged  and  fluid  began  to  appear. 
60'    Total  amount  of  fluid  discharged  ^  70  c.c. 

Experiment  1.     Injected  100  c.c.  NaCl  A  .615. 
60'    Total  amount  discharged  =  4  c.c. 

Experiment  2.     Injected  100  c.c.  sodium  acetate  A  .615. 
60'    Total  amount  discharged  3=  o. 

Experiment  3.     Injected  100  c.c.  sodium  phthalate  (ortho)  A  .62. 
60'    Total  amount  discharged  =  o. 

Dec.  eS. 

Experiment  1.     Injected  100  c.c.  NaCl  A  .615. 
60'    Total  amount  discharged  ss  o. 

Experiment  2.     Injected  80  c.c.  \  ^°^»"™  phthalate  (ortho)  A  .62. 

'  sodium  phthalate  (para)  A  .56. 
60'    Total  amount  discharged  =  o. 

Dec.  £4. 

Experiment  1.    Injected  100  c.c.  NaCl  A  .615. 
60'    Total  amount  discharged  ^  o. 

Experiment  8.    Injected  100  c.c.  Na2S04  A  .62. 
60'    Total  amount  discharged  =  75  c.c. 

The  whole  of  the  solutions  of  sodium  chloride,  sodium  acetate,  and 
sodium  phthalate  was  absorbed  in  the  course  of  its  passage  through 
the  stomach  and  small  intestine,  while  three  fourths  of  the  citrate  and 
sulphate  solutions  reached  the  large  intestine,  and  in  the  normal 
animal  would  have  gone  to  increase  the  fluidity  of  its  contents.  We 
thiok  that  this  demonstrates  conclusively  the  method  of  action  of  the 
dilute  solutions  of  the  cathartics  such  as  are  found  in  some  of  the 
natural  mineral  waters.  They  do  not  necessarily  increase  the  fluid  of 
the  bowel,  but  merely  fail  to  be  absorbed,  and  thus  render  the  faeces 
more  fluid  and  more  easily  moved  through  the  large  intestine. 
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Conclusions. 

1.  The  absorption  of  the  salts  of  the  fixed  alkalies  varies  with  the 
anion,  those  acids  which  form  insoluble  calcium  salts  tending  to  retard 
absorption  more  than  others. 

2.  The  behavior  of  these  salts  in  the  intestine  has  much  in  common 
with  their  action  on  unorganized  colloid  matter,  as  they  tend  to  pre- 
cipitate colloids  in  solution  and  are  less  imbibed  than  other  salts  by 
undissolved  colloids. 

3.  But  no  complete  analogy  in  their  behavior  towards  the  tissues 
in  general  exists,  for  several  of  the  cathartic  salts  permeate  the  red 
corpuscles  freely  and  others  are  absorbed  rapidly  from  the  serous 
membranes. 

4-  As  regards  the  cations,  ammonium  is  absorbed  more  rapidly 
than  the  fixed  alkali  ions,  while  those  of  the  alkaline  earths  are 
very  slowly  taken  up  by  the  intestinal  epithelium. 

5.  Dilute  solutions  (isotonic)  of  the  saline  cathartics  retard  the 
absorption  of  fluid  from  the  stomach  and  small  intestine,  and  thus  act 
by  rendering  the  contents  more  watery  and  more  easily  moved  through 
the  lower  parts  of  the  alimentary  canal. 

Protocols  of  the  experiments  are  given  on  pages  429-434. 
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THE    MOVEMENTS    OF   THE    FOOD    IN    THE 

(ESOPHAGUS. 

By   W.   B.    cannon   and   A.    MOSER. 
[from  the  Laboratory  of  Physiology  in  the  Harvard  AlediccU  School. "] 

THE  movements  of  deglutition,  in  common  with  many  other 
physiological  processes,  were  explained  by  the  older  physiolo- 
gists on  anatomical  grounds.  Thus  Magendie  ^  divided  the  act  into 
three  parts,  corresponding  to  the  anatomical  regions  of  the  mouth, 
pharynx,  and  cesophagus.  The  muscles  of  each  of  these  divisions 
were  considered  the  active  agents  in  propelling  the  food  onward. 
The  function  of  moving  the  mass  to  the  pharynx  was  variously 
ascribed  to  the  tongue  itself,  to  the  mylohyoid  muscles,  and  to 
gravity.  For  the  second  part,  the  movement  through  the  pharynx, 
there  was  more  unanimity  of  opinion,  since  the  constrictors,  espe- 
cially the  middle  and  lower,  were  evidently  concerned. 

Direct  observations  on  the  movement  of  swallowed  masses  in  the 
oesophagus  were  first  made  by  Mosso.^  The  cesophagus  of  a  dog 
was  laid  bare  and  a  transverse  incision  made  through  it,  or  a  piece 
of  it  excised.  A  small  wooden  ball  was  placed  in  the  canal  below 
the  excised  part,  and  the  animal  was  then  stimulated  to  swallow. 
One  or  two  seconds  after  the  contraction  of  the  pharyngeal  muscles 
a  peristaltic  wave  began  to  traverse  the  oesophagus.  This  wave  did 
not  stop  at  the  point  of  excision,  but  in  due  time  reappeared  below 
and  carried  the  ball  to  the  stomach.  Thus  the  act  was  shown  to  be 
controlled  by  the  central  nervous  system.  Peristalsis  was  so  plainly 
the  motive  power  that  the  action  was  never  doubted.  Yet  this 
belief  was  soon  to  be  questicmed. 

In  1880,  Falk  and  Kronecker^  studied  the  movements  in  the 
mouth  and  pharynx,  and  advanced  the  theory  that  deglutition  was 
accomplished  by  the  rapid  contraction  of  the  muscles  of  the  mouth. 
During  the  act  of  swallowing  the  air-tight  buccal  cavity  shows  a 
manometric  pressure  of  20  centimetres  of  water.  The  same  pressure 
was  demonstrated  to  be  present  also  in  the  oesophagus,  but  not  in 

*  Magendie  :  Prdcis  ^l^mentaire  de  physiologic.     Paris,  1836,  i,  p.  63. 

*  Mosso :  Moleschott's  Untersuchungen,  1876,  xi,  p.  331. 

*  Falk  and  Kroxecker:  Archiv  fiir  Physiologic,  1880,  p.  296. 
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the  stomach.  This  pressure  was  considered  sufficient  to  force  food 
throutjh  the  oesophagus  before  the  peristaltic  wave  traversed  it. 
Another  argument  for  rapid  descent  was  found  in  the  fact  that  cold 
water  can  be  felt  in  the  epigastric  region  ahnost  immediately  after 
being  swallowed.  Further,  when  strong  acids  pass  through  the 
gullet,  they  corrode  but  small  parts  of  it,  and  not  the  entire  mucous 
membrane,  as  would  be  the  case  were  the  acid  carried  to  the  stomach 
by  peristalsis. 

In  the  same  year,  in  confirmation  of  the  above  results  the  well 
known  experiments  of  Kronecker  and  Meltzer  ^  were  published.  A 
rubber  balloon,  connected  by  a  tube  to  a  Marey  tambour,  was  placed 
in  the  pharynx,  and  another  balloon,  similarly  connected,  was  intro- 
duced a  varying  distance  into  the  oesophagus.  When  water  was 
swallowed  the  increased  pressure  in  the  pharynx  was  transmitted  to 
the  first  tambour,  which  traced  a  curve  on  a  rotating  drum.  Almost 
instantly  thereafter  the  oesophageal  balloon  was  compressed,  causing 
the  second  tambour  to  write  its  curve  below  the  first.  This  second 
curve  was  supposed  to  mark  the  passage  of  the  food  through  the 
oesophagus.  After  a  varying  number  of  seconds  the  oesophageal 
balloon  recorded  another  curve,  caused  by  a  peristaltic  wave  which 
carried  to  the  stomach  any  fragments  left  in  the  canal. 

To  demonstrate  that  the  first  curve  of  the  oesophageal  balloon 
was  caused  by  the  passage  of  the  swallowed  liquid,  Meltzer  devised 
another  experiment.  A  strip  of  blue  litmus  paper  was  placed  in  a 
stomach  tube,  opposite  the  side  openings  at  the  lower  end.  A  long 
thread  attached  to  the  paper  ran  through  the  tube  to  the  other  end. 
The  tube  was  now  passed  into  the  lower  end  of  the  oesophagus  and 
an  acid  drink  swallowed.  If  the  litmus  paper  was  pulled  away  from 
the  side  openings  a  second  after  the  beginning  of  swallowing,  it  was 
found  distinctly  reddened,  showing  a  rapid  descent  of  the  swallowed 
liquid.     Reference  to  this  experiment  will  be  made  later. 

From  these  observations  Kronecker  and  Meltzer  concluded  that 
liquids  and  semi-solids  are  not  carried  to  the  stomach  by  peristalsis, 
but  are  squirted  down  the  oesophagus  by  the  rapid  contraction  of 
the  muscles  of  the  mouth.  For  this  purpose  the  mylohyoids  alone 
are  sufficient,  since  the  middle  and  inferior  constrictors  can  be  cut 
without  interfering  with  the  act.  The  succeeding  peristalsis  is  of 
use  merely  in  gathering  up  adhering  fragments  and  carrying  them 
to  the  stomach. 

1  Kronecker  and  Meltzer:  Archiv  fiir  Physiologic,  1880,  p.  446. 
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To  determine  whether  the  cardia  offered  any  resistance  to  this 
rapid  passage  into  the  stomach,  Meltzer^  tried  another  method.  If  a 
stethoscope  is  placed  over  the  epigastrium  during  the  swallowing  of 
liquids,  a  sound  can  be  heard  from  six  to  sever  seconds  after  the  rise 
of  the  larynx.  The  sound  is  caused  by  the  passage  of  the  swallowed 
mass,  liquid  and  air,  through  the  tonically  contracted  cardia.  In  a 
few  cases  the  sound  is  heard  immediately  after  swallowing,  showing 
a  probable  insufficiency  of  the  cardia.  These  phenomena  led 
Kronecker  and  Meltzer  '^  to  modify  their  previous  views.  They  now 
maintained  that  the  mass  is  not  squirted  by  the  mylohyoids  directly 
into  the  stomach,  but  halts  a  short  distance  above  the  cardia. 
Here  it  remains  until  carried  into  the  stomach  by  the  succeed- 
ing peristalsis,  about  six  or  seven  seconds  after  the  beginning  of 
swallowing. 

The  care  with  which  these  experiments  were  conducted  has  won 
general  assent  to  their  results.  But  the  methods  employed  are  not 
beyond  criticism.  Primarily  it  may  be  said  that  swallowing  with  one 
or  more  balloons  and  a  stomach  tube  in  the  canal  is  not  normal  de- 
glutition. Moreover,  semi-solids  were  found  to  yield  less  readily 
to  pressure  than  liquids,  and  even  to  be  delayed  in  their  descent.* 
Again  nearly  all  the  work  was  done  with  liquids  and  semi-solids; 
solids  are  not  even  mentioned.  The  investigators  themselves  de- 
clared that  their  results  were  true  for  liquids  and  semi-solids  only, 
and  admitted  that  a  dry  bolus  could  not  be  so  swallowed.  Yet  the 
indiscriminate  use  of  such  terms  as  **  liquid,"  "  swallowed  mass,"  and 
**  bolus,"  easily  leads  to  an  inference  that  the  results  of  these  investi- 
gations are  true  for  the  swallowing  of  food  of  all  consistencies.  A 
difference  in  rate,  however,  certainly  exists  in  respect  to  consistency, 
and  it  was  to  discover  the  actual  movement  of  solids,  semi-solids, 
and  liquids  in  the  normal  oesophagus  that  the  present  work  was 
undertaken. 

Over  a  year  and  a  half  ago  it  was  suggested  by  Prof.  H.  P.  Bow- 
ditch  that  if  some  substance  opaque  to  the  Rontgen  rays  were  swal- 
lowed, it  could  be  seen  in  its  passage  to  the  stomach  and  the  nature 
of  its  movement  thus  determined.  Anaesthesia  could  be  dispensed 
with,  —  a  desirable  condition,  since  observers  had  found  that  it  inter- 

*  Meltzer:  CentralbL  fiir  die  med.  Wissenschaften,  1883,  p.  i. 

*  Kronecker  and  Meltzer  :  Archiv  fiir  Physiologic,  1883,  Suppl.  Bd.,  p. 

337,  351. 

*  Kronecker  and  Meltzer  :  ibid,,  p.  337. 
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fcrcd  greatly  with  the  deglutition  reflex.^  It  would  be  unnecessary 
to  open  cither  the  abdominal  or  the  pleural  cavity.  The  reflex  stimu- 
lus of  food  moreover  would  be  better  than  electrical  stimulation  of 
the  superior  laryngeal  nerve.  In  short,  the  animal  would  swallow 
normal  food  under  practically  normal  conditions.  At  Dr.  Bowditch's 
suggestion  and  with  his  valuable  assistance  —  which  we  gratefully 
acknowledge  —  we  made  the  following  series  of  experiments. 

To  render  the  swallowed  mass  opaque  subnitrate  of  bismuth  was 
used.  The  salt  is  tasteless,  practically  inert,  and  can  be  fed  in  large 
quantities  without  harm.  In  order  that  observations  could  be  made 
by  more  than  one  person,  all  experiments  were  conducted  in  a  dark 
room.  On  the  side  of  the  animal  opposite  the  Crookes  tube  was 
placed  an  open  fluorescent  screen  on  which  the  different  tissues  of 
the  animal  were  outlined  with  varying  degrees  of  light  and  shade. 
Among  these  shadows  the  swallowed  mass  appeared  as  a  darker 
object,  and  thus  its  motion  could  be  studied. 

For  the  first  experiments  the  goose  was  selected.  The  head  and 
neck  were  held  stationary  by  a  tall  pasteboard  collar  which  allowed 
free  movement  of  the  head  without  constriction  of  the  neck.  The 
fluorescent  screen  was  placed  against  this  collar  at  a  uniform  dis- 
tance of  thirty  centimetres  from  the  tube.  When  a  bolus  of  corn  meal 
mush  mixed  with  bismuth  was  placed  in  the  pharynx  it  descended 
slowly  and  regularly,  and  occupied  about  twelve  seconds  in  passing 
over  a  distance  of  fifteen  centimetres.  The  screen  was  marked  at 
interv^'lls  of  two  centimetres  with  cross  lines,  by  means  of  which  the 
relative  rate  in  different  parts  of  the  oesophagus  could  be  studied. 
A  vibrator  marking  tenths  of  a  second  was  interrupted  whenever 
the  bolus  crossed  a  line.  An  average  of  over  one  hundred  such 
observations  showed  that  the  rate  became  slightly  slower  as  the 
bolus  proceeded. 

In  order  to  test  liquids,  molasses  was  mixed  with  bismuth  to  such 
a  consistency  as  to  drop  easily  from  a  glass  rod.  When  this  was 
fed  with  a  pipette  it  passed  slowly  and  regularly  down  the  oesopha- 
gus, clearly  by  peristalsis.  The  rate  was  about  the  same  as  for  solid 
food.  In  both  these  experiments,  the  addition  of  water  would  some- 
times cause  irregularities  in  the  descent.  Microscopic  sections  from 
four  different  parts  of  the  oesophagus  of  the  goose  showed  no  histo- 
logical difference. 

In  the  experiments  on  the  cat,  the  animal  was  placed  on  its  back  and 

I  iMeltzer:  Journal  of  experimental  medicine,  1897,  ii,  p.  457. 
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left  side  on  a  holder.  The  extremities  were  secured  by  straps.  The 
head  was  held  between  two  upright  rods  connected  above  by  a  thong ; 
this  allowed  free,  movement  of  the  head  w4thout  resistance  to  the 
passage  of  food.  Shreds  of  meat  dipped  in  bismuth  were  ordinarily 
masticated  and  swallowed  without  difficulty.  For  soft  solids  bread 
and  milk  were  used,  so  fluid  as  to  be  easily  drawn  up  into  a  pipette. 
The  insolubility  of  the  bismuth  salt  rendered  the  study  of  liquids 
more  difficult.  Strong  solutions  of  potassic  iodide  and  other  salts 
and  suspension  of  bismuth  in  acacia  and  molasses  were  tried ;  but  a 
simple  mixture  of  milk  and  bismuth,  shaken  in  a  test  tube  and  imme- 
diately drawn  up  into  a  pipette,  was  found  most  practicable. 

Inasmuch  as  the  movement  of  these  different  foods  varied  in  differ- 
ent parts  of  the  oesophagus,  it  will  be  convenient  to  divide  the  latter 
into  three  sections.  The  first  or  cervical  portion  extends  from  the 
pharynx  to  the  thorax,  the  second  or  thoracic  from  here  to  the  lower 
half  of  the  heart,  and  the  third  comprises  the  rest  of  the  canal.  The 
relative  length  of  these  three  parts  is  about  in  the  ratio  of  9:8:6. 

The  beginning  of  deglutition  was  noted  by  one  observer  by  a  fin- 
ger on  the  larynx ;  the  same  observer  called  out  when  the  bolus 
arrived  at  the  thorax,  heart,  and  stomach  respectively,  while  the 
other  observer  noted  the  time.  The  movement  of  solids  will  first 
be  considered.  The  descent  the  entire  way  was  by  peristalsis,  but 
the  rapidity  varied.  The  duration  of  the  movement  in  the  cervical 
portion  was  two  and  a  half  seconds,  and  in  the  thoracic  region  a  little 
less  than  two  seconds.  At  the  lower  end  of  the  heart  there  was  some- 
times a  slight  pause.  In  the  lower  section,  from  the  heart  to  the 
stomach,  the  movement  was  decidedly  different.  The  rate  was 
always  very  slow.  The  distance  was  less  than  one-third  of  the  entire 
canal,  yet  the  time  consumed  in  this  part  ranged  from  six  to  seven 
seconds,  or  three-fifths  of  the  entire  time  of  descent.  The  character 
of  the  movement  here  was  also  peculiar.  Whereas  in  the  upper 
sections  the  passage  was  uniform  and  regular,  with  a  slight  accelera- 
tion in  the  thoracic  region,  here  it  was  apparently  irregular,  for  the 
bolus  descended  about  one  centimetre  with  each  inspiratory  move- 
ment of  the  diaphragm,  and  remained  stationary  or  descended  very 
slightly  during  expiration.  Thus  a  series  of  hitches  seemed  to  carry 
the  bolus  to  the  cardia.  A  probable  explanation  of  this  peculiar 
movement  is  that  the  stomach  and  lower  oesophagus  were  pulled 
down  with  each  descent  of  the  diaphragm.  This  would  make  the 
movement  appear  irregular  although  it  was  really  a  slow  peristalsis. 
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It  may  be  well  to  remark  here  that  this  movement  was  invariably 
observed  in  the  cat  with  every  kind  of  food. 

Semi-solids,  namely,  a  mush  of  bread  and  milk,  descended  in  the 
same  way  as  solids ;  but  the  rate  was  slightly  faster  in  the  upper 
oesophagus,  for  the  bolus  took  about  a  second  less  to  reach  the  car- 
diac level.     From  here  the  rate  was  the  same  as  with  solids. 

For  liquids  one  and  a  half  to  two  seconds  sufficed  for  the  descent  to 
the  midheart  region.  Here  there  often  occurred  a  long  pause  —  from 
a  few  seconds  to  a  minute  or  more.  Then  the  oesophagus  apparently 
contracted  above  the  liquid,  which  slowly  passed  on  to  the  stomach 
as  already  described.  Sometimes  it  seemed  as  if  a  swallowing  move- 
ment, evidenced  by  a  rise  of  the  larynx,  started  the  peristaltic  wave. 
Again,  several  swallows  would  succeed  one  another  before  the  liquid 
passed  on.  A  few  times  the  bismuth  and  milk  seemed  strung  out 
along  the  oesophagus;  some  more  liquid  descending  would  gather 
this  up,  and  the  whole  mass  assuming  an  ovoid  form  would  move  into 
the  stomach. 

Thus  in  the  cat  the  total  time  for  deglutition  varies  from  nine 
to  twelve  seconds.  The  lowest  section  presents  no  change  ascribable 
to  a  difference  in  consistency,  while  in  the  upper  sections  the  rate 
does  slightly  increase  with  the  more  liquid  character  of  the  food. 

In  experiments  on  the  dog,  bismuth  enclosed  in  capsules  or 
wrapped  in  shreds  of  meat  was  fed  as  the  solid.  The  general  phe- 
nomena were  as  follows.  With  the  rise  of  the  larynx  there  was 
a  quick  propulsive  movement  of  the  bolus,  which  descended  rapidly 
for  a  few  centimetres,  sometimes  as  far  as  the  clavicle.  From  this 
point  the  rapidity  was  diminished ;  yet  no  pause  was  observed ;  the 
bolus  simply  moved  more  slowly.  This  rate  was  then  continued 
to  the  stomach  without  a  slackening  of  speed  in  the  diaphragmatic 
region,  as  was  observed  in  the  cat.  Semi-solids  moved  in  the  same 
way  as  solids.  The  total  time  of  descent  from  larynx  to  stomach  was 
from  four  to  five  seconds. 

Liquids  gave  even  a  more  decided  squirt  in  the  beginning  of  the 
movement.  To  render  the  oesophagus  as  lax  and  free  as  possible, 
the  head  of  the  dog  was  released  from  the  upright  rods  and  held  by 
the  hands  after  the  food  was  placed  in  the  mouth.  Sometimes  the 
liquid  descended  rather  rapidly  as  far  as  the  heart,  at  other  times 
no  further  than  the  clavicle;  then  without  a  pause  it  passed  on 
slowly  and  regularly,  reaching  the  stomach  in  about  the  same  time 
as  solids  and  semi-solids. 


Movements  of  the  Food  in  the  (Esophagus,  44 1 

Thus  in  the  dog  and  cat  but  little  variation  was  seen  in  the  swal- 
lowing of  liquids  and  solids.  The  liquids  pass  somewhat  faster 
in  the  upper  oesophagus.  But  in  some  animals  the  difference  of 
rate  with  foods  of  varying  consistency  is  much  more  marked.  In  the 
horse,  for  instance,  mere  observation  shows  a  decided  variation  in 
the  rate  of  movement  in  the  oesophagus.  Liquids  shoot  along  the 
gullet,  while  solids  move  clearly  by  peristalsis.  To  determine  the 
rate  of  solids  one  hand  was  placed  on  the  larynx  of  a  horse  to  note 
the  beginning  of  swallowing  and  the  other  hand  near  the  shoulders, 
where  the  bolus  could  be  easily  felt  in  its  passage.  The  time  con- 
sumed by  the  bolus  in  passing  over  a  certain  distance  was  measured 
by  a  stop  watch.  The  rate  obtained  for  solids,  such  as  hay  or  grain, 
was  from  thirty-five  to  forty  centimetres  a  second. 

For  semi-solids,  a  mixture  of  bran  and  water  was  made,  thin 
enough  to  run  easily  between  the  fingers.  Each  bolus  was  watched 
by  a  separate  observer  with  a  separate  watch.  The  average  rate 
obtained  was  the  same  as  for  solids. 

Liquids  in  the  horse  pass  with  a  rapidity  too  great  to  be  affected 
by  peristalsis.  Another  force  must  be  sought.  Among  the  various 
muscles  supposed  to  be  effectual  in  moving  food  into  the  pharynx, 
the  mylohyoids  were  shown  by  Meltzer^  to  be  essential.  The  sty- 
loglossi were  cut  by  him  without  much  interference  with  deglutition, 
but  section  of  the  mylohyoid  nerves  rendered  the  act  impossible. 
The  activity  of  these  muscles  in  the  horse  during  swallowing  is 
easily  perceived  by  the  hand.  Their  energetic  contraction  is  a 
sufficient  explanation  of  the  rapid  passage  of  water  through  the 
oesophagus.  The  motion  here  is  more  than  ^ five  times  as  rapid 
as  that  of  solids  and  semi-solids. 

Meltzer*s  experiment  to  measure  the  rate  of  liquids  in  man  by 
passing  a  stomach  tube  containing  litmus  paper  was  repeated  by  us 
with  some  modifications.  Congo  red  paper  was  used,  since  it  is  more 
sensitive  than  litmus;  it  also  furnishes  a  means  of  differentiating 
between  mineral  and  organic  acids,  as  the  discoloration  produced  on 
Congo  red  by  mineral  acids  is  removed  by  ether.-  It  was  thus 
possible  to  distinguish  between  the  discoloration  produced  by  gas- 
tric regurgitation  and  that  produced  by  the  swallowed  liquid.  For 
the  swallowed  liquid  one-half  per  cent  lactic  acid  was  found  most 
satisfactory,  as  the  color  produced  by  It  on  Congo  red  test  paper 
is  almost  instantly  discharged  in  ether.     By  this  method  the  paper 

^  Kronecker  and  Meltzer  :  Archiv  fiir  Physiologic,  1880,  p.  299. 
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was  found  discolored  within  half  a  second  after  the  rise  of  the  larynx^ 
certainly  too  short  a  period  for  a  peristaltic  wave  to  carry  the  liquid 
to  the  neighborhood  of  the  cardia. 

The  X-ray  method  lends  itself  less  successfully  to  the  study  of 
deglutition  in  man  than  in  the  other  animals  we  have  studied.  The 
thickness  of  the  thorax,  the  distance  of  the  oesophagus  from  the 
surface,  and  the  relation  to  dense  tissues,  render  the  observation 
of  a  swallowed  mass  difficult,  especially  when  the  mass  is  in  rather 
rapid  motion.  The  few  observations  which  wx*  have  to  report  were 
made  on  a  seven  year  old  girl  placed  in  the  sitting  posture.  Gelatine 
capsules  containing  bismuth  were  used  for  solids,  and  were  traced 
to  a  point  below  the  heart.  The  motion  was  very  regular,  and  ap- 
parently due  to  peristalsis,  for  the  bolus  descended  without  a  hitch 
or  irregularity  of  any  kind.  Sometimes  the  capsule  became  fixed 
in  the  upper  oesophagus  at  about  the  level  of  the  second  rib.  Re- 
peated swallows  of  water  would  fail  to  dislodge  it.  An  interesting 
point  was  noted  here.  With  each  attempt  at  swallowing,  the  capsule 
would  rise  slightly  as  if  the  oesophagus  was  pulled  up  with  the  rise 
of  the  larynx;  then  the  capsule  would  descend  to  its  former 
position. 

Semi-solids  —  a  mush  of  bread  and  milk  —  could  be  seen  about 
as  far  as  solids,  j.  c,  to  just  below  the  heart.  The  motion  of  the 
mushy  bolus  was  the  same  as  with  solids,  except  that  the  rapidity 
was  perhaps  slightly  greater. 

It  should  be  noted  here  that  with  the  human  subject,  as  well 
as  with  the  horse,  our  results  for  semi-solids  differ  from  those  derived 
by  Meltzer's  method;  for  according  to  his  statements  semi-solids^ 
like  liquids,  are  squirted  down  the  oesophagus  and  are  not  pro- 
pelled by  peristalsis,  as  has  been  the  case  in  our  observations. 

Liquids  —  bismuth  and  water  —  were  seen  only  in  the  neck  and 
upper  thorax.  Here  there  was  a  decided  squirt.  With  the  rise  of 
the  larynx  the  liquid  was  seen  to  pass  rapidly  through  the  pharynx 
and  well  down  into  the  thoracic  oesophagus  before  it  was  lost  to 
observation.  The  rate,  however,  by  estimation  was  less  than  that 
of  liquids  in  the  horse. 

There  remains  to  be  considered  Meltzer's  latest  investigation,'  in 
which  he  endeavored  to  ascertain  whether  liquids  remain  above  the 
cardia  till  the  arrival  of  the  peristalsis,  or  ooze  down  before.  An 
experimental    answer  was    secured    by    Meltzer    by  the    following- 

^  Mkltzer  :  Journal  of  experimental  medicine,  1S97,  ii,  p.  453. 


Movements  of  the  Food  in  the  (Esophagus.  443 

method.  The  abdominal  and  gastric  walls  of  an  anaesthetized  dog 
were  incised  and  a  tube  (vaginal  speculum)  introduced.  Through 
this  the  entrance  of  food  into  the  stomach  could  be  observed  directly. 
In  repeated  experiments  no  liquid  was  seen  to  pass  through  the ' 
cardia  before  the  arrival  of  the  peristaltic  wave.  An  incision  through 
the  diaphragm  near  its  anterior  origin  showed  that  the  swallowed 
liquid  was  not  squirted  as  far  as  a  point  an  inch  above  the  diaphragm. 
To  observe  the  oesophagus  nearer  its  beginning,  the  upper  three  ribs 
were  resected  on  the  left  side.  Thus  the  swallowed  liquid  was  seen 
to  shoot  along  the  oesophagus  before  any  peristalsis  reached  this 
point.  The  resection  of  the  fifth  rib  exposed  the  oesophagus  half 
way  between  the  bifurcation  of  the  trachea  and  the  diaphragm. 
Here  a  bulging  was  sometimes  observed  immediately  after  the  begin- 
ning of  the  act,  and  the  swallowed  mass  remained  there  until  a  peris- 
taltic wave  carried  it  down.  If  the  mass  swallowed  was  small,  or 
was  projected  with  moderate  force,  it  might  not  even  reach  as  far  as 
the  bifurcation.  From  these  experiments  Meltzer  concluded  that  in 
animals  as  in  man,  liquid  food  is  not  carried  down  the  oesophagus  by 
peristalsis,  but  is  thrown  rapidly  into  a  deep  part  of  the  canal.  The 
depth  reached  depends  on  the  quantity  swallowed,  the  force  used, 
and  the  tonicity  of  the  lower  part  of  the  oesophagus. 

The  difference  between  these  methods  of  Meltzer  and  those  em- 
ployed in  our  experiments  has  already  been  mentioned;  and  merely 
his  results,  which  were  obtained  with  liquids  alone,  need  be  con- 
sidered here.  According  to  our  observations  on  the  dog,  there  was  ^ 
no  distinct  pause  at  any  part  of  the  canal.  The  movement  simply 
became  slower,  and  continued  at  this  rate  until  the  stomach  was 
reached.  Neither  was  the  rate  through  the  diaphragmatic  part  of  the 
oesophagus  slower  than  through  the  thoracic.  The  quick  propulsive 
movement  noticed  in  the  dog  was  observed  with  solids  and  semi- 
solids as  well  as  with  liquids,  but  the  liquids  descended  further  down 
the  canal  before  the  movement  changed  to  the  slower  peristalsis. 
While  this  difference  was  evident  to  the  eye,  the  total  time  consumed 
by  liquids  in  passing  from  pharynx  to  stomach  was  not  enough 
shorter  than  the  time  for  solids  and  semi-solids  to  be  determined 
by  our  measurements. 
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Summary. 

The  phenomena  of  oesophageal  deglutition  as  determined  by  our 
experiments  may  then  be  described  as  follows :  — 

There  is  a  difference  in  swallowing  according  to  the  animal  and 
the  food  which  is  used. 

In  fowls  the  rate  is  slow  and  the  movement  always  peristaltic, 
without  regard  to  consistency.  A  squirt-movement  with  liquids  is 
manifestly  impossible,  as  the  parts  forming  the  mouth  are  too  hard 
and  rigid.  With  this  diminution  of  propulsive  power  in  the  mouth 
there  is  observed  a  greater  reliance  on  the  force  of  gravity.  The 
head  is  raised  each  time  after  the  mouth  is  filled,  and  the  fluid  by  its 
own  weight  trickles  into  the  oesophagus,  through  which  it  is  carried 
by  peristalsis. 

In  the  cat  the  movement  is  always  peristaltic  and  slightly  faster 
than  in  fowls.  A  bolus  takes  from  nine  to  twelve  seconds  in  reaching 
the  stomach.  Liquids  move  somewhat  more  rapidly  than  semi-solids 
in  the  upper  oesophagus.  In  the  lower  or  diaphragmatic  part  the 
rate  is  very  much  slower  than  above,  and  is  the  same  for  liquids  as 
for  solids. 

In  the  dog  the  total  time  for  the  descent  of  a  bolus  is  from  four  to 
five  seconds.  The  food  is  always  propelled  rapidly  in  the  upper 
oesophagus  and  moves  more  slowly  below.  This  rapid  movement  is 
frequently  continued  further  with  liquid  food.  No  distinct  pause  was 
observed  when  the  movement  of  the  bolus  changed  from  the  rapid 
to  the  slower  rate. 

In  man  and  the  horse  liquids  are  propelled  deep  into  the  oesoph- 
agus at  a  rate  of  several  feet  a  second  by  the  rapid  contraction  of  the 
mylohyoid  muscles.  Solids  and  semi-solids  are  slowly  carried  through 
the  entire  cesophagus  by  peristalsis  alone. 


A  CONTRIBUTION   TO   THE   CHEMISTRY  OF 
CYTOLOGICAL   STAINING. 

By  albert  MATHEWS. 
[From  the  ZoologiccU  Laboratory  of  Columbia  Unwersity.] 

IT  has  long  been  known  to  histologists  that  different  elements  of 
the  cells  and  tissues  show  affinity  for  different  stains.  Many 
nuclei,  some  mucins,  and  hyaline  cartilage  stain  powerfully  in  methyl 
green,  Bismarck  brown,  thionin,  and  other  basic  stains,  while  other 
nuclei  and  most  cytoplasmic  elements  show  a  decided  preference  for 
eosin,  acid  fuchsin,  acid  green,  and  other  acid  stains.  The  nature  of 
the  chemical  reactions  upon  which  this  elective  staining  power  rests 
has  never  received  adequate  attention.  It  is  several  years  since 
Ehrlich  ^  classified  all  stains  as  **  acid,'*  **  basic,"  and  **  neutral,"  yet  it  is 
still  uncertain  upon  just  what  properties  the  affinity  of  chromatin  for 
basic  dyes  and  cytoplasm  for  acid  dyes  really  depends.  It  is  still  not 
uncommon  to  find  in  cytological  works  methyl  green  and  other  basic 
stains  regarded  as  microscopical  reagents  for  the  detection  of  chro- 
matin, and  some  cytoplasmic  bodies  because  of  their  affinity  for 
basic  dyes  have  been  looked  upon  as  chromatin  or  derivatives  of 
chromatin. 

The  first  observations  on  the  possible  chemical  basis  of  the  staining 
reactions  of  chromatin  were  made  by  Miescher,^  who  found  that 
nucleinic  acid,  a  component  of  chromatin,  formed  green  insoluble 
salts  with  methyl  green.  Lilienfeld^  called  attention  to  the  same  fact 
and  referred  the  affinity  of  the  chromatin  for  basic  stains  to  the  for- 
mation of  these  salts.  Lilienfeld^  also  advanced  our  knowledge  by 
showing  that  albumin  stained  pre-eminently  in  the  acid  stains  and 
nucleinic  acid  only  in  the  basic.  In  studying  the  artificial  nucleins  he 
found  that  they  possessed  a  varying  affinity  for  acid  or  basic  stains 
according  as  the  nucleinic  acid  was  more  or  less  completely  saturated 
with  albumin.     He  also  observed  that  egg  albumin  precipitated  by 

1  Ehrlich:  Archiv  fiir  Physiologic,  1879,  p.  571. 

*  MiESCHER :  Verhandl.  d.  naturf.  Gesellsch.  in  Basel,  1874,  vi,  p.  138. 

*  Lilienfeld:  Archiv  fiir  Physiologic,  1893,  p.  391. 

*  Lilienfeld:  Archiv  fiir  Physiologic,  1893,  p.  554. 
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alcohol  stained  neither  in  acid  nor  in  basic  stains.  Lilienfcld  believed 
that  the  affinity  of  the  cytoplasm  for  acid  stains  was  due  to  its  con- 
taining much  albumin,  but  he  made  no  suggestion  as  to  the  nature 
of  the  combination  of  the  stain  with  the  albumin  molecules.  He  fell 
into  error  in  supposing  that  albumin  stained  only  in  the  acid  stains. 
It  will  be  shown  farther  on  that  under  suitable  conditions  the  albumin 
molecule  may  be  made  to  combine  also  with  the  basic  stains.  In 
practical  experience  histologists  have  observed  that  sections  stained 
in  acidified  solutions  of  the  Hiondi-Khrlich  mixture  take  chiefly  the 
acid  stain,  while  in  alkaline  solutions  they  take  the  basic.  No  expla- 
nation of  the  cause  of  this  phenomenon  has  been  offered,  so  far  as  I 
am  aware. 

The  present  paper  presents  the  results  of  experiments  which  give 
some  indication  I  believe  of  the  probable  nature  of  these  affinities,  and 
which  also  show  how  far  cytological  stains  may  be  used  as  accurate 
micro-chemical  reagents.  It  must  be  understood  at  the  outset  that 
the  results  here  recorded  of  experiments  on  ^^^  albumin,  albumoses, 
and  peptones  can  be  directly  applied  only  to  such  sections  of  tissues 
as  have  been  killed  and  fixed  in  alcohol  or  acid  media  free  from 
metallic  salts  such  as  mercuric  and  platinic  chlorides;  and  further 
that  the  conclusions  do  not  apply  to  those  staining  processes  w^hich 
probably  involve  the  precipitation  of  the  coloring  matter  in  the  tissue, 
such  as  the  iron-haematoxylin  method. 

I.  Experiments  on  Albumoses. 

A.  The  acid  Btains.  —  Physiological  chemists  are  aware  that  albu- 
min and  the  albumoses  react  like  weak  bases,  and  that  they  will 
combine  with  free  acids.  If  acetic,  hydrochloric,  or  sulphuric  acid  is 
added  to  a  solution  of  albumoses  it  may  be  shown  by  appropriate 
methods  that  the  acids  have  chemically  combined  with  the  albumoses, 
although  no  precipitate  is  thrown  down.  Many  other  free  acids 
enter  into  similar  combinations  with  the  albumins  and  albumoses, 
but  form  insoluble  compounds,  thus  precipitating  the  albumoses  from 
solution.  If  a  solution  of  picric  acid  is  brought  into  a  solution  of 
albumose  a  precipitate  consisting  of  the  picric  acid  combination  of 
the  albumose  is  thrown  down.  The  same  kind  of  reaction  ensues 
with  meta-phosphoric,  molybdic,  wolfram ic,  phosphor-w^olframic, 
tannic,  stearic,  or  chromic  acid.  Only  the  free  acids  will  combine 
with  the  albumoses.  If  a  neutral  solution  of  the  salts  of  the  above- 
mentioned  acids  is  added  to  a  neutral  solution  of  the  albumoses  no 
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reaction  occurs.  A  few  drops  of  acetic  or  hydrochloric  acid  are 
necessary  to  call  forth  the  reaction.  On  the  addition  of  acetic  acid  to 
a  mixture  of  albumose  and  sodium  picrate,  a  precipitate  consisting  of 
the  picric  acid  combination  of  albumose  appears  at  once.  Probably 
the  reason  is  that  the  acetic  acid  sets  free  the  picric  acid,  which  at 
once  combines  with  the  albumose  molecule. 

It  occurred  to  me  that  the  so-called  **  acid "  stains,  which  are 
generally  the  sodium  salts  of  sulfonic  acids,  probably  combine  with 
the  albumin  molecule  in  the  same  manner  as  the  above  mentioned 
acids.  Experiment  fully  bore  out  this  hypothesis,  for  I  found  that 
the  acid  stains  possess  the  same  albumin-precipitating  powers  as 
sodium  picrate  or  wolframate.  The  addition  of  acid  fuchsin,  acid 
green,  nigrosin,  anilin  blue  black,  erythrosin,  congo  red,  carminate 
of  soda,  methyl  blue,  indigo  carmine,  or  other  acid  stain  to  a  solution 
of  albumoses  or  albumin  gives  no  reaction.  If,  however,  a  few 
drops  of  dilute  acetic  acid  be  added  to  the  mixture  of  albumose  and 
acid  stain,  the  colored  combination  of  the  stain  with  the  albumose 
is  at  once  precipitated.  One  can  indeed  use  this  test  for  detecting 
the  presence  of  albumin  or  albumoses  in  solution  or  for  distinguish- 
ing between  acid  and  basic  stains,  as  the  basic  stains  do  not  give 
this  reaction.  This  reaction  of  the  acid  stains  indicates  beyond  doubt 
that  these  stains  when  in  acidulated  solutions  will  enter  into  chemical 
combination  with  the  albumose  or  albumin  molecule  like  any  other 
acid.  Inasmuch  as  it  is  probable  that  the  free  acids  enter  one  or 
more  of  the  basic  NH2  groups  of  the  albumin  molecule,  the  acid 
stains  also  probably  enter  this  group. 

B.  The  basic  stains.  —  The  basic  stains  react  with  the  albumoses 
very  differently  from  the  acid.  The  former  stains  are  generally 
the  chlorides  or  hydrochlorates  of  colored  organic  bases.  The'y 
react  as  might  be  expected  like  other  organic  bases.  It  is  well 
known  that  in  alkaline  solution  many  metals  may  be  made  to  form 
combinations  with  the  albumin  molecule.  If  for  instance  lead  ace- 
tate is  brought  into  a  neutral  solution  of  albumoses  or  albumins  no 
reaction  occurs.  If  now  the  solution  be  made  slightly  alkaline 
with  sodium  carbonate  a  precipitate  is  formed  consisting  of  a  lead 
compound  of  albumin.  It  is  probable  that  the  lead  enters  the 
albumin  molecule  in  a  different  place  from  the  acids  already 
mentioned,  and  that  it  enters  the  hydroxyl  of  the  phenol  group, 
since  gelatine  and  protamin,  which  lack  this  group,  are  not  precip- 
itated by  basic   lead  acetate.     Many  organic  bases  react  like  lead. 


448  Albert  Mathews. 

Protamin,  histon,  and  quinine  —  strong  organic  bases  —  precipitate 
albumin  and  the  albumoses  in  alkaline  solution.  The  basic  aniline 
colors  react  similarly.  They  may  in  this  manner  be  made  to  form 
colored  combinations  with  albumin  and  the  albumoses. 

If  basic  fuchsin,  methyl  green,  thionin,  safranin,  or  other  basic 
stains  (with  the  possible  exception  of  vesuvin),  are  brought  into 
a  neutral  or  slightly  acid  solution  of  the  albumoses,  no  reaction 
takes  place.  If  on  the  other  hand  they  be  brought  into  solutions 
of  the  albumoses  made  slightly  alkaline  with  sodium  carbonate  a 
flocculent,  colored  precipitate  consisting  of  the  albumose  in  com- 
bination with  the  dye  is  thrown  down.  This  reaction  may  be  used 
to  distinguish  the  basic  from  the  acid  dyes.  Vesuvin  is  precipitated 
by  sodium  carbonate  alone,  but  if  albumoses  are  present  it  is  possible, 
though  I  have  not  specially  examined  the  matter,  that  the  precipitate 
is  a  combination  of  vesuvin  with  the  albumose. 

These  experiments  prove  that  many  of  the  basic  dyes  enter 
into  chemical  combination  with  the  albumose  molecule  when  in 
alkaline  solutions,  forming  insoluble  colored  compounds.  They 
show  also  that  in  acid  or  neutral  solution  this  reaction  does  not 
occur. 

To  sum  up:  (i)  The  acid  stains  will  combine  with  albumoses 
only  in  acid  solutions.  (2)  Under  such  circumstances  they  form 
combinations  similar  to  picric  or  other  acid  combinations  with 
albumoses,  and  probably  enter  one  or  more  NH2  groups  in  the 
albumose  molecule.  (3)  The  basic  stains  will  combine  with  the 
albumoses  only  in  alkaline  solution,  when  they  form  insoluble 
colored  compounds.  The  basic  dyes  react  in  this  respect  like  basic 
lead  acetate,  protamin,  histon,  or  other  organic  bases.  (4)  The 
basic  stains  probably  enter  the  hydroxyl  of  the  phenol  group  of 
the  albumose  molecule,  since  they  will  not  precipitate  gelatine. 

II.  Coagulated  Egg  Albumin. 

A.  The  acid  Btains.  —  Coagulated  ^^'g  albumin  reacts  toward  the 
acid  stains  like  the  albumoses.  If  egg  albumin  coagulated  by  heat  or 
alcohol  be  brought  into  neutral  or  alkaline  solutions  of  the  acid  dyes 
the  albumin  will  not  stain.  It  is  true  that  it  will  imbibe  a  certain 
amount  of  color  and  will  appear  stained,  but  this  color  is  easily  and 
quickly  removed  by  washing  in  water.  If  on  the  other  hand  pieces 
of  coagulated  albumen  be  brought  into  solutions  of  the  acid  stains 
which  have  been  slightly  acidulated  with  acetic  acid  the  albumin 
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stains  instantly  and  intensely.  The  color  cannot  be  removed  even 
by  prolbnged  washing.  A  most  striking  contrast  is  shown  by  two 
pieces  of  coagulated  albumin,  one  of  which  has  been  immersed  in  a 
neutral,  the  other  in  an  acid  solution  of  acid  fuchsin.  After  washing, 
the  former  will  be  found  to  be  colorless,  the  latter  a  brilliant  red. 

B.  The  basic  Btains. — Towards  the  basic  stains  coagulated  albumin 
reacts  on  the  whole  like  the  albumoses.  Egg  albumin  coagulated 
by  heat  is  normally  alkaline.  If  its  alkalinity  be  neutralized  or  if  it 
be  brought  into  a  slightly  acid  solution  of  the  basic  dyes  it  will  stain 
but  slightly.  Its  power  of  staining  under  such  circumstances  I  believe 
to  be  due  to  some  other  constituent  than  the  albumin,  possibly  to 
the  mucoid  matter  present.  If  however  the  coagulated  egg  albumin 
without  neutralization  be  brought  into  neutral  or  slightly  alkaline 
solutions  of  the  basic  dyes  methyl  green,  thionin,  safranin,  methylen 
blue,  or  toluidin  blue,  it  stains  with  great  intensity  and  instantane- 
ously. This  may  be  most  strikingly  seen  in  the  case  of  thionin  or 
safranin.  If  two  pieces  of  coagulated  egg  albumin  be  brought  the 
one  into  slightly  acid  and  the  other  into  alkaline  solutions  of  thionin, 
the  stain  poured  off  after  a  few  seconds,  and  the  albumin  washed  in 
water,  the  piece  that  has  been  in  the  alkaline  solution  will  be  an 
intense  purple,  the  other  barely  tinged  with  color. 

These  reactions  clearly  indicate  that  the  staining  of  coagulated 
albumin  depends  on  chemical  combinations  similar  in  all  respects  to 
those  which  the  albumoses  enter  into  with  the  same  stains.  In  neu- 
tral solution,  neutral  coagulated  albumin  combines  neither  with  acid 
nor  basic  stains;  in  alkaline  solutions,  it  combines  only  with  the 
basic ;  in  acid  solutions,  only  with  the  acid  stains. 

III.  Carminic  Acid,  H^matine,  and  the  Action  of 

Aluminium. 

Paul  Mayer  ^  has  shown  that  carminate  of  soda  and  haematinc  are 
plasma  stains,  as  are  the  acid  aniline  colors,  whereas  the  aluminium 
salts  of  these  acids  are  chromatin  stains,  as  are  the  basic  aniline  colors. 
Carminate  of  soda  and  haematine  react  towards  the  albumoses  like 
the  acid  stains.  In  neutral  or  alkaline  solutions  they  do  not  combine 
with  the  albumoses  or  albumins;  in  acid  solution  they  precipitate 
the  albumoses  at  once.  Freshly  prepared  haematoxylin  will  not 
stain  tissues,  and  corresponding  with  this  I  find  that  fresh  solutions 

*  Mayer:  Mittheil.  a.  d.  zoolog.  Stat.  Neapel,  1892,  x,  p.  170. 
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of  hsematoxylin  will  precipitate  the  albumoses  neither  in  acid,  neu- 
tral, nor  alkaline  solutions.  As  aluminium  gives  carminic  acid  and 
ha^matinc  the  staining  properties  of  the  basic  aniline  colors,  it  is  of 
interest  to  see  how  these  salts  react  towards  the  albumoses.  I  found 
that  the  aluminium  salts  of  these  acids  (Mayer's  carmalaun  and 
haimalaun)  would  not  precipitate  the  albumoses  in  neutral  or  acid 
solutions.  Thus  they  differ  completely  from  the  sodium  salts.  In 
alkaline  solutions  of  the  albumoses  the  addition  of  solutions  of  car- 
malaun or  ha;malaun  caused  heavy  flocculent  colored  precipitates.  It 
is  possible  that  the  precipitate  was  simply  the  stain  which  is  insolu- 
ble in  alkaline  solutions,  but  it  is  also  possible  that  it  was  the  stain 
in  combination  with  the  albumose.  In  any  case  the  aluminium  salts 
of  carminic  acid  and  hsematine  no  longer  react  toward  the  albumoses 
or  tissues  like  acid  stains,  but  like  basic  stains.  This  is  possibly 
due  to  the  strong  basicity  of  the  aluminium,  and  its  tendency  to 
form  double  acid  salts.  It  will  probably  be  found,  I  believe,  that  the 
aluminium  salts  of  the  acid  aniline  colors  stain  like  the  basic  dyes. 

IV.  The  Staining  of  Sections. 

The  foregoing  experiments  suggest  that  the  affinity  of  sections  of 
tissues  for  stains  depends  upon  reactions  similar  to  the  above.  So 
far  as  I  have  experimented,  the  results  have  fully  confirmed  this  sug- 
gestion, but  the  formation  of  salts  by  acids  of  the  tissues  with  the 
basic  dyes  also  comes  into  play.     We  will  consider  this  first. 

A.  The  baaic  dyes  in  neutral  solution.  —  The  basic  dyes  in  neutral  or 
acid  solution  will  not  combine  either  with  albumin  or  the  albumoses. 
It  is  clear  from  this  that  the  affinity  shown  by  chromatin,  cartilage, 
and  mucin  for  such  dyes  when  in  neutral  solution  must  depend  on 
something  else  than  the  albumin  molecule.  The  suggestion  of 
Miescher  and  Lilienfeld  that  the  affinity  of  chromatin  for  the  basic 
dyes  depends  on  the  nucleinic  acid  indicates  the  essential  cause  of 
the  staining  reactions  of  the  elements  just  mentioned.  Besides  the 
albumin  molecules  they  contain,  mucin,  chromatin,  and  hyaline 
cartilage  have  little  else  in  common  than  the  presence  in  each  of 
organic  acids  in  salt  combinations  with  strong  bases.  There  can  be 
little  doubt  that  the  basic  dyes  in  neutral  solution  will  stain  any 
element  of  the  tissue  which  contains  an  organic  acid  in  a  salt  com- 
bination with  a  strong  base. 

That  methyl  green  in  neutral  or  acid  solutions  stains  those  chro- 
matins in  which  the  nucleinic  acid  exists  in  a  salt  form  is  shown  by 
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Its  striking  affinity  for  the  chromatin  of  some  spermatozoa,  thymus 
gland  cells,  leucocytes,  cells  of  the  spleen,  and  the  red  blood  corpus- 
cles of  birds,  and  by  its  slight  affinity  for  the  cells  of  the  vertebrate 
pancreas.  In  the  thymus  gland,  leucocytes,  and  red  blood  corpuscles, 
Kossel  ^  has  shown  the  chromatin  to  be  composed  largely  of  the 
histon  salt  of  nucleinic  acid.  In  the  spermatozoa  of  the  fish  and  sea- 
urchin,  Miescher,^  Kossel,^  and  the  author*  have  shown  the  chromatin 
to  be  either  a  histon  or  protamin  salt.  In  the  pancreas  on  the  other 
hand  nucleinic  acid  exists  in  a  much  firmer  combination.  Lilien- 
feld's^  observations  on  the  artificial  nucleins  confirm  this  also.  He 
found  that  the  artificial  nucleins  stained  in  methyl  green  so  long  as 
they  were  not  saturated  with  albumin.  So  soon  as  the  acid  became 
saturated  with  albumin,  the  nuclein  showed  a  preponderating  attrac- 
tion for  the  acid  stains.  This  is  strong  evidence  that  the  acid  stain 
enters  the  albumin  molecule,  while  the  basic  enters  the  nucleinic  acid 
molecule  in  these  nucleins. 

Cytoplasmic  bodies  with  an  affinity  for  basic  dyes  also  indicate  that 
these  dyes  will  stain  elements  containing  the  salts  of  other  organic 
acids.  Hyaline  cartilage  possessing  an  affinity  for  such  dyes  consists, 
according  to  Schmiedeberg,^  largely  of  the  potassium  or  other  salt  of 
the  chondroitin-sulphuric  acid.  Many  mucins  have  the  same  power 
of  staining  in  basic  stains.  The  chemistry  of  mucins  is  rtbt  Well 
known,  but  many  of  them,  at  any  rate,  react  distinctly  acid.^  Many 
other  acids  which  are  possibly  present  in  the  cell  form  insoluble 
colored  salts  with  the  basic  dyes.  If  a  basic  dye  is  added  to  neutral 
soap  solutions  a  flocculent,  colored  precipitate  consisting  probably  of 
the  colored  salt  of  palmitic  or  stearic  acid  is  thrown  down.  Neutral 
solutions  of  thyminic  acid,  a  derivative  of  nucleinic  acid,  or  of  the 
pseudo-nucleinic  acid  derived  from  the  yolk  of  hen's  eggs  show 
similar  reactions. 

These  considerations  permit  us  to  formulate  the  following  con- 
clusions as  to  the  staining  powers  of  the  basic   stains.     In  slightly 

*•  See  Lilienfeld:  Zeitschr.  f.  physiol   Chemie.  1894,  xviii,  p.  473. 

*  Miescher:  Archiv  fur  exper.  Pathol,  und  Pharmakol.,  1896,  xxxvii,  p.  100. 

*  Kossel:  Zeitschr.  f.  physiol.  Chemie,  1896,  xxii,  p.  176. 

*  Mathews  :  Zeitschr.  f.  physiol.  Chemie,  1897,  xxiii,  p.  399. 

*  Lilienfeld:  Archiv.  fur  Physiologie,  1893,  p.  391. 

*  Schmiedeberg,  O.:  Archiv  fur  exper.  Pathol,  und  Pharmakol.,  1891,  xxviii, 

p.  355- 

'  Hammarsten  :  Zeitschr.  f.  physiol.  Chemie,  1888,  xii,  p.  189;  also  Lehrbuch 

der  physiologischen  Chemie,  ii  Aufl.,  1896,  p.  139. 
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acid  or  neutral  solutions  the  basic  dyes  will  stain  any  element  of  the 
tissue  which  contains  an  organic  acid  in  a  salt  combination  with  a 
strong  base.  In  no  sense  are  these  dyes  a  test  for  nucleinic  acid  or 
chromatin.  All  conclusions  in  regard  to  the  origin  of  cytological 
elements  from  chromatin  or  their  similarity  to  chromatin  based  on  the 
staining  reaction  are  hence  worth  very  little.  In  neutral  or  acid 
solutions  the  basic  stains  may  be  used,  I  believe,  as  micro-chemical 
tests  of  some  accuracy  for  the  detection  of  the  salts  of  organic  acids. 

B.  The  basio  Btains  in  aoid  and  alkaline  solntionB.  —  It  has  been 
shown  above  that  in  acid  or  neutral  solutions  the  basic  stains  will 
not  unite  with  albumin,  but  in  alkaline  solution  will  combine  with 
the  albumin  molecule.  To  test  the  staining  reactions  of  tissues  in 
the  basic  dyes  in  the  light  of  this  fact,  pieces  of  liver,  kidney,  and 
voluntary  muscle  of  the  frog  were  placed  in  neutral  and  acidulated 
ninety-five  per  cent  alcohol.  The  acidulated  alcohol  contained  one 
per  cent  of  acetic  acid.  The  tissues  were  imbedded  in  parafiine  and 
cut  as  usual.  The  fixation  was  excellent.  In  staining,  all  dyes  were 
used  in  weak  aqueous  solutions,  and  the  sections  were  well  washed  in 
water  before  and  after  immersion  in  the  stain.  Sections  were  left 
in  the  dyes  from  a  few  seconds  to  three  minutes.  If  brought  into 
strong  solutions  of  the  dyes  the  tissues  imbibe  a  considerable  amount 
of  stain,  I  presume  by  a  physical  process,  but  this  may  be  entirely 
removed  from  the  cytoplasm  by  a  comparatively  short  bath  in  water 
or  alcohol. 

The  liver,  kidney,  and  muscle  fixed  in  neutral  or  acid  alcohol  give 
purely  chromatin  stains  with  neutral  solutions  of  the  dyes  vesuvin, 
methyl  green,  methylen  blue,  safranin,  toluidin  blue,  thionin,  and 
dahlia. 

In  his  Vade-Mccum,  Lee,  speaking  of  methyl  green,  insists  again 
and  again  that  the  stain  must  be  slightly  acidulated  with  acetic  acid. 
With  all  basic  dyes,  I  have  found  the  result  better  if  a  neutral  solu- 
tion is  taken,  though  slight  acidification  seems  to  do  nothing  more 
than  to  diminish  somewhat  the  intensity  of  the  stain.  In  either  case 
a  pure  chromatin  stain  is  obtained. 

When  used  in  alkaline  solutions,  the  basic  stains  react  otherwise. 
It  has  been  shown  that  in  alkaline  solutions  the  basic  dyes  combine 
with  albumin.  I  find  that  sections  of  the  above  mentioned  tissue,  if 
immersed  for  an  instant  in  one-tenth  per  cent  sodium  carbonate  solu- 
tion before  staining  or  if  stained  in  solutions  of  the  basic  stains  made 
slightly  alkaline  with  sodium  carbonate  show  the  cytoplasm  deeply 
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stained,  as  well  as  the  chromatin.  The  stain,  even  in  the  cytoplasm, 
is  in  such  firm  combination  that  it  is  exceedingly  difficult,  if  not 
impossible,  to  wash  it  out.  In  this  manner  the  cytoplasm  of  these 
cells  may  be  stained  a  bright  green  with  methyl  green,  brilliant  red 
with  safranin,  a  deep  blue  with  methyl  blue  or  toluidin  blue,  and 
purple  with  thionin.     Vesuvin  alone  seems  to  be  an  exception. 

These  reactions,  which  are  identical  with  those  of  the  albumoses, 
show  that  in  alkaline  solution  many  of  the  basic  dyes  will  combine 
with  the  albumin  molecule  whether  in  cytoplasm  or  nucleus.  As 
we  have  already  seen,  they  probably  enter  the  phenol  group  of  this 
molecule.  The  basic  dyes  in  alkaline  solution  may  thus  be  used  for 
the  detection  of  albumins  in  the  cell,  and  indeed  of  albumins  possess- 
ing a  phenol  or  tyrosin  group. 

C.  The  acid  stains.  —  The  acid  stains  do  not  combine  with  albu- 
min in  neutral  or  alkaline  solutions,  but  only  in  acid  solution.  The 
tissues  show  the  same  reaction.  Tissues  hardened  in  neutral  alcohol 
will  not  stain  in  neutral  or  alkaline  solutions  of  the  acid  stains,  even 
such  intense  stains  as  acid  fuchsin.  If  brought  into  concentrated  aque- 
ous solutions  of  these  stains,  the  sections  imbibe  a  certain  amount  of 
stain,  more  or  less  difficult  to  remove  by  washing.  If  such  sections  be 
run  rapidly  through  the  alcohols  they  will  appear  stained.  That  the 
stain  in  such  sections  is  not  in  chemical  combination  is  shown  by  the 
fact  that  in  dilute  solutions  of  the  stains  such  imbibition  is  exceed- 
ingly slow  or  wholly  lacking,  and  also  by  the  fact  that  even  after  im- 
mersion in  concentrated  staining  solutions  the  stain  may  be  entirely 
removed  by  washing  some  time  in  water.  If,  on  the  other  hand, 
sections  of  tissues  hardened  in  neutral  alcohol  are  washed  before 
staining  with  one  per  cent  acetic  acid  or  are  brought  into  acidulated 
solutions  of  the  acid  stains,  indigo  carmine,  carminate  of  soda,  nigro- 
sin,  methyl  blue,  erythrosin,  acid  green,  congo  red,  orange  G.,  and 
acid  fuchsin,  the  cytoplasm  stains  instantly  and  intensely.  The  stain 
cannot  be  washed  out. 

The  observation  that  sections  of  such  tissues  as  liver,  kidney,  and 
muscle  will  not  stain  in  neutral  acid  fuchsin  appears  at  first  glance  to 
be  contrary  to  the  common  experience  that  sections  will  stain  in  non- 
acidulated  solutions  of  this  color.  The  contradiction  is  only  appa- 
rent. Nearly  all  fixing  reagents  are  acid,  and  the  free  acid  undoubt- 
edly combines  with  the  albumin  of  the  protoplasm.  Having  acid 
already  in  combination  it  is  not  necessary  to  acidulate  the  acid  stains, 
for  the  sodium  of  the  stain  probably  unites  with  the  acid  derived  from 
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the  fixing  fluid,  and  the  acid  stain  replaces  this  in  the  albumin  mole- 
cule. That  this  is  true  is  shown  by  the  fact  that  the  same  tissues 
hardened  in  acid  alcohol  stained  readily  in  neutral  solutions  of  the 
acid  stains. 

This  staining  reaction  of  the  tissues  with  the  acid  stains,  corre- 
sponding as  it  does  with  the  reactions  of  the  albumoses  and  albumin, 
enables  us  to  conclude  that  the  acid  stains  enter  into  chemical  com- 
bination with  the  albumin  molecule  in  protoplasm  and  probably  with 
an  NHi  group  in  that  molecule.  The  acid  stains  may  be  used  in 
acid  solution  on  tissue  hardened  in  alcohol  or  acetic-alcohol,  as 
micro-chemical  reagents  for  the  detection  of  albumin  in  the  cell  ele- 
ments, with  the  proviso  that  there  may  be  other  unknown  basic  sub- 
stances in  protoplasm  forming  similar  compounds,  and  that  possibly 
in  some  cases  the  albumin  may  already  be  in  such  combination  with 
other  substances  that  it  will  not  unite  with  the  acid  stains. 

The  observations  here  recorded  by  no  means  elucidate  all  the 
phenomena  of  staining,  but,  I  believe,  they  indicate  one  method  of 
attacking  the  problem.  It  would  be  interesting  to  know  what  influ- 
ence the  introduction  of  mercury  or  other  metals  and  of  acids  into  the 
albumin  molecule  may  exert  on  its  staining  properties.  Until  this  is 
known  the  results  and  conclusions  of  the  present  paper  cannot  be 
applied  to  tissues  fixed  in  corrosive  sublimate,  Hermann's  fluid,  and 
many  other  fixing  fluids. 


NOTES   ON    CETRARIA    ISLANDICA    (ICELAND    MOSS). 

By   ERNEST   W.   BROWN,   Ph.B. 
[From  the  Sheffield  Laboratory  of  Physiological  Chemistry^  Yale  University^ 

FROM  early  times  lichens  have  been  utilized  as  articles  of  diet  for 
man  and  domestic  animals.^  First  among  them  in  importance 
as  a  food-stuff  is  "  Iceland  moss  "  (Cetraria  islandica),  which  seems  to 
have  recommended  itself  because  of  its  large  content  of  carbohydrate 
matter,  the  so-called  lichen-starch.  In  its  natural  form  this  lichen 
contains  bitter  constituents,  and  these  must  be  removed  by  treatment 
with  water  or  weak  alkalies  before  the  material  can  be  made  into 
bread,  as  has  been  the  custom  in  some  northern  countries.  Rabbits 
almost  invariably  refuse  to  eat  the  lichen  unless  it  has  been  rendered 
more  palatable  as  described. 

With  reference  to  the  real  dietetic  value  of  Cetraria  islandica,  the 
following  analysis  of  the  commercial  material  will  afford  some  data.^ 

Analysis  of  Cetraria  islandica  {dried  at  lOS'^C) 

Total  nitrogen 0.56  per  cent. 

Extractive  nitrogen 0.14  " 

"  Protein "  nitrogen 0.32  " 

Ether  extract  * 1.2  ** 

Crude  fibre 53  " 

Ash 2.2  " 

Material  soluble  in  85  per  cent  alcohol 161  ** 

Soluble  carbohydrates  (as  dextrose) 43.3  " 

After  successive  treatment  with  gastric  juice  and  amylolytically  and  proteolytically 
active  pancreatic  juice  at  38°  C.  only  32  per  cent  of  the  material  used  was  dissolved.  The 
residue  resisting  digestion  contained  practically  all  the  original  nitrogen  (0-55  per  cent)  of 
the  lichen. 

It  will  be  observed  that  the  quantity  of  proteids  present  must  be 
small  at  most.  The  bulk  of  the  material  is  made  up  of  soluble  car- 
bohydrates.    The  latter  were  early  made  the  subject  of  chemical  in- 

1  Cf.  Albert  Schneider  :  A  text-book  of  general  lichenology,  1897. 

*  The  methods  of  analysis  employed  were  essentially  the  same  as  described  by 
L.  B.  Mendel:  This  journal,  1898,  i,  p.  226. 

■  This  consisted  of  free  fatty  acids  (0.4  per  cent)  and  saponifiable  fat  (0.62  per 
cent). 
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vestigation.  Without  attempting  to  recite  the  older  and  somewhat 
conflicting  observations,  we  may  refer  to  the  more  recent  results  of 
Honig  and  St.  Schubert.^  These  investigators  conclude  that  extracts 
of  Cetraria,  obtained  with  hot  water,  contain  two  carbohydrates.  The 
chief  one  of  these,  lichcnin,  forms  a  difficultly  soluble  jelly  in  cold 
water,  an  opalescent  solution  in  hot  water,  is  not  colored  blue  by 
iodine,  and  does  not  rotate  polarized  light ;  on  boiling  with  dilute 
acids  lichcnin  yields  crystallizable  dextrose  in  addition  to  dextrins. 
The  second  carbohydrate,  called  lichenin-starch,  is  regarded  by  these 
authors  as  a  soluble  modification  of  ordinary  starch.  It  has  alsa 
been  called  isolichenin.^  Munk'  states  that  lichenin  is  most  nearly 
related  chemically  to  starch,  and  that  it  probably  undergoes  the  same 
fermentative  changes  in  the  alimentary  canal  as  are  produced  by 
boiling  with  dilute  acids.  The  following  experiments  by  the  writer 
confirm  in  part  and  extend  previous  observations. 

Lichenin.  —  Preparation,  —  The  dry  assorted  Iceland  moss  was 
heated  in  a  steam  sterilizing  apparatus  for  several  hours  with  a  con- 
siderable quantity  of  water,  and  the  extract  then  filtered  on  hot  water 
funnels.  The  cool  filtrates  deposited  a  thick  jelly  which  was  thrown 
upon  filters  and  allowed  to  drain.  The  gelatinous  mass  was  redis- 
solved  in  hot  water  and  reprecipitated  repeatedly  until  the  cold  fil- 
trates as  well  as  the  jelly  no  longer  gave  any  blue  coloration  with 
iodine.  The  gelatinous  substance  was  next  treated  with  warm  alcohol 
until  all  coloring  matter  was  removed,  then  extracted  with  ether  and 
dried.  There  resulted  an  almost  white,  tasteless,  odorless  powder^ 
soluble  in  hot  water,  insoluble  in  cold  water,  free  from  nitrogenous 
matter,  and  yielding  about  one-half  per  cent  of  ash. 

Hydration  by  dilute  aeid.  —  In  each  trial  a  weighed  quantity  of 
lichenin  was  boiled  for  twelve  hours  with  two  per  cent  hydrochloric 
acid,  and  the  resultant  sugar  determined  in  the  neutralized  fluid  by 
the  Allihn  gravimetric  method.  The  specific  rotation  was  likewise 
ascertained  and  osazones  were  prepared. 

^  HOxiG  UND  St.  Schubert:  Sitzun^sb.  d.  k.  Akad.  d.  Wissenschaften  zu 
Wien,  1887,  xcvi,  2*^'  Abth.,  p.  685.  The  older  literature  is  referred  to  here.  Cf. 
also  Beilstein  :  Handbuch  der  organ.  Chemie,  3*'-'  Auflage,  i,  p.  1098. 

2  Cf.  Beilstein,  loc.  cit.,  p.  1099. 

*  MuNK,  J.  und  C.  A.  EwALD  :  Die  PIrnahrung  des  gesunden  und  kranken 
Menschen,  1895,  p.  102;  also  C.  Voit:  Die  Ernahrung.  Hermann's  Handbuch  der 
Physiologie,  1881,  vi,  p.  413. 
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I.  1 .0936  grams  lichenin  (ash-free)  yielded  on  hydration  1.097  grams  dextrose.  Assum- 
ing a  hydration  equivalent  to  that  of  starch,  1.0936  grams  lichenin  should  yield  1.215 
grams  sugar. 

H.  (a)  In  a  solution  of  hydration  products  containing  1.53  per  cent  sugar  (determined 
as  dextrose),  in  a  200  mm.  tube  an  average  of  five  polariscopic  readings  gave  a  rota- 
tion of  +  1.6°.    Then  (o)d=  +  52.2*'. 

{b)   In  a  solution  containing  0.51  per  cent  sugar  in  a  220  mm.  tube,  an  average  of 
six  readings  gave  a  rotation  of  +  0.6°.    Then  (o)d=  +  53.1®. 
The  specific  rotation  of  dextrose,  (o)d=  +  52.5°. 

m.  The  osazones  of  the  sugar  formed  were  prepared  with  phenylhydrazin  in  the  usual 
manner,  and  recrystallized  four  times  from  alcohol.    M.  p.  199°—  201®  C. 
The  melting  point  of  phenylglucosazone  =  204^  C. 

The  experiments  thus  indicate  an  almost  complete  hydration  of 
lichenin,  analogous  in  its  results  to  the  conversion  of  ordinary  starch. 

Action  of  enzymes  and  dilute  HCl.  —  In  order  to  determine  the 
possible  fate  of  ingested  lichenin  in  the  alimentary  canal,  the  be- 
havior of  the  carbohydrate  towards  the  ordinary  amylolytic  enzymes 
was  reinvestigated.  The  following  typical  experiments  are  selected 
from  the  protocols. 

I.  A  one  per  cent  solution  of  lichenin  in  boiling  water  was  prepared  and  placed  in  a 
bath  at  38^  C.  Most  of  the  material  stays  in  solution ;  a  portion  separates  out  at 
this  temperature.  Saliva  was  added  and  the  solution  was  tested  for  reducing  sugars 
from  time  to  time,  with  Fehling's  solution.  No  reaction  was  obtained  ziter  forty-five 
minutes.  To  one  portion  ordinary  starch  paste  (one  per  cent)  was  now  added.  The 
solution  reached  the  "  achromic  point "  to  iodine  solution  ^  in  ofie  minute  and  sugar 
was  abundantly  formed,  thus  showing  that  there  was  nothing  present  inhibitory  to 
the  action  of  the  enzyme.  The  other  portion  of  the  original  fluid  was  unchanged 
even  after  several  hours. 

n.  A  very  active  diastase  preparation  likewise  failed  to  transform  the  lichenin  to  reducing 
sugar  during  an  hour's  action  at  38-40°  C. 

m.  To  a  one  per  cent  lichenin  paste  was  added  an  amylolytically  active  pancreatic 
extract  (alcoholic).  No  sugar  was  formed,  while  the  unimpaired  activity  of  the 
enzyme  was  demonstrated  as  in  Experiment  I. 

IV.  The  ash  from  one  gram  of  lichenin  was  added  to  a  small  quantity  of  starch  paste. 
There  was  no  inhibition  of  the  subsequent  action  of  saliva. 

V.  A  one  per  cent  lichenin  paste  was  treated  with  saliva  for  an  hour  at  38°  C.  No  sugar 
was  formed.  The  solution  was  then  precipitated  with  alcohol  and  the  precipitate 
redissolved  in  water.  The  action  of  saliva  was  again  tried,  with  the  usual  negative 
result.     These  operations  were  repeated  four  times  with  similar  effects. 

From  experiments  like  the  above  it  must  be  concluded  that  the 
ordinary  amylolytic  enzymes  have  no  noticeable  action  on  lichenin. 
Berg^  is  reported  to  have  obtained  similar  results  with  saliva,  malt 
diastase,  pancreatic  extract,  and  gastric  juice.  Since  it  has  been 
shown  that  cane-sugar  is  readily  inverted  in  the  stomach  by  the 

*  Cf.  Gamgee  :  Physiological  chemistry  of  the  animal  body,  1893,  ii,  p.  57. 

*  Berg  :  Abstract  in  Jahresbericht  der  Chemie,  1873,  ?•  ^4^. 
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gastric  juice  ^  and  experiments  in  this  laboratory  have  shown  that 
inulin  —  likewise  resistant  to  enzymes  —  is  partly  transformed  to 
reducing  sugar  by  the  action  of  dilute  HCl  (0.2-0.4  per  cent),  the 
following  experiment  was  tried. 

A  one  per  cent  lichenin  paste  was  treated  with  an  equal  volume  of  0.4  per  cent  II CI 
and  kept  at  38^  C.  for  twelve  hours.  The  test  for  sugar  ^'as  negative.  The  mixture 
was  carefully  neutralized  and  treated  with  amylolytic  pancreatic  extract.  No  sugar  was 
formed.  Acid  of  0.3,  0.4,  and  0.5  per  cent  strength  also  gave  negative  results.  Glycogen 
is  likewise  resistant  to  the  action  of  these  acids  at  38^  C. 

Feeding  experiments,  —  In  view  of  the  behavior  of  lichenin  already 
recorded,  it  seemed  desirable  to  ascertain  whether  this  carbohydrate 
would  give  rise  to  a  formation  of  glycogen  in  the  liver  as  has  been 
found  by  Miura^  to  occur  after  inulin  feeding.  Miura's  experiments 
were  followed  as  a  type  and  protocols  are  given  below. 

Two  rabbits,  weighing  2.2  and  2.3  kilos  respectively,  were  starved  for  six  days.  The 
control  animal  (2.3  kilos)  was  killed  and  the  glycogen  content  of  the  liver  found  by  the 
Briicke-Kiilz  method  to  be  0.286  gram  (0.7  per  cent).  The  other  rabbit  (2.2  kilos)  received 
ten  grams  of  lichenin,  suspended  in  warm  water,  in  five  portions  through  the  stomach 
sound  at  intervals  of  two  hours.  Twelve  hours  after  the  last  portion  was  fed  the  animal 
was  killed.  The  glycogen-content  of  the  liver  was  found  to  be  0.086  gram  (0.25  per  cent). 
Another  rabbit  of  2  kilos,  likewise  starved,  was  fed  about  eight  grams  of  lichenin  in 
several  doses.  The  animal  was  accidentally  killed  immediately  after  a  portion  had  been 
fed.     The  liver  did  not  contain  a  weighable  amount  of  glycogen. 

The  writer  has  not  succeeded  in  finding  rabbits  that  would  eat  any  considerable 
quantity  of  the  lichen  itself,  even  after  extraction  with  potassium  carbonate  to  remove 
•the  bitter  taste.     Further  experiments  with  larger  quantities  of  lichenin  are  desirable. 

Isoliohenin.  This  carbohydrate,  to  which  is  due  the  blue  iodine- 
reaction  in  the  filtrates  from  the  lichenin  preparation,  has  received  little 
investigation.^  It  is  in  some  respects  clo.scly  related  to  soluble  starch. 
The  amount  present  in  the  lichen  is  decidedly  less  than  the  amount  of 
lichenin,  and  a  micro-chemical  study  shows  it  to  be  distributed  through 
the  cell  walls  of  both  the  cortical  and  medullary  portions  of  the  plant. 
Micro-chemical  reactions  for  cellulose  give  negative  results. 

Preparation.  —  The  filtrates  from  the  lichenin  were  concentrated  in 
vacuo  at  a  low  temperature  (35°-4o''C.).  If  any  remaining  lichenin 
settled  out  on  cooling  it  was  filtered  off  and  the  solution  was  treated 
with  several  volumes  of  alcohol.  The  somewhat  gummy  precipitate 
was  rcdissolved  in  hot  water  and  again  cooled.  Further  traces  of 
lichenin  were  removed  by  filtration  from  the  concentrated  fluid ;  the 

1  Ferris  and  Lusk  :  This  journal,  1898,  i,  p.  277. 

*^  MlURA,  K:  Zeitschr.  fiir  Biologic,  1895,  xxxii,  p.  255. 

*  Cf.  Berg  :  loc,  cit.;  Honig  und  St.  Schubert:  loc,  cii. 
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isolichenin  was  reprccipitated  with  alcohol,  extracted  with  alcohol 
aiid  ether,  and  reduced  to  an  almost  white  powder,  containing  0.4 
per  cent  ash.  This  preparation  dissolves  with  difficulty  in  cold 
water,  readily  in  hot  water,  from  which  it  does  not  separate  on  cool- 
ing.    With  iodine  solution  it  gives  a  blue  coloration. 

Hydration  by  dilute  acid,  —  The  following  data  were  obtained  by 
the  methods  already  indicated  for  lichenin. 

I.  1. 02 1  grams  isolichenin  (ash-free)  yielded  on  hydration  1.125  grams  dextrose.  Assum- 
ing a  hydration  equivalent  to  that  of  starch,  the  yield  of  dextrose  should  have  been 
1. 1 34  grams. 

H.  (a)  In  a  solution  of  hydration  products  containing  1.23  per  cent  sugar  (determined 
as  dextrose)  in  a  200  mm.  tube,  an  average  of  six  polariscopic  readings  gave  a  rota- 
tion of  4  1.250.    Then  (o)d  =  +  50.8°. 

{b)   In  a  solution  containing  1.13  per  cent  sugar  in  a  200  mm.  tube,  an  average  of  six 
polariscopic  readings  gave  a  rotation  of  +  1.17**.    Then  (o)d=4-  5I-7°' 
The  specific  rotation  of  dextrose,  (o)d=  -f  52.5®. 

m.  The  osazones  of  the  sugar  formed  were  prepared  and  recrystallized  four  times  from 
alcohol.  M.  p.  199*^  C.  The  crystals  resemble  those  of  phenylglucosazone  in  appear- 
ance and  solubility. 

The  hydration  products  of  the  isolichenin  thus  correspond  closely 
in  behavior  with  those  obtained  from  the  lichenin  of  the  same  plant. 

Action  of  enzymes  and  dilute  HCL  —  Honig  and  St.  Schubert  ^  sub- 
jected this  carbohydrate  to  the  action  of  malt  diastase  at  60° C.  for 
several  hours.  They  observed  a  rapid  disappearance  of  the  iodine 
reaction  and  formation  of  dextrin-like  substance  precipitable  by 
alcohol.  From  such  observations  they  class  isolichenin  —  their  lichen- 
starch —  with  soluble  starch.  The  writer  has  further  studied  the 
action  of  saliva,  diastase,  and  pancreatic  extract.  Typical  experi- 
ments are  given  below. 

I.  A  one  per  cent  isolichenin  solution  was  treated  at  38^  C.  with  saliva.  The  "achromic 
point"  was  reached  in  about  one  minute,  no  erythro-dextrin  stage  being  detected. 
Digestion  was  continued  for  an  hour.  The  solution,  tested  from  time  to  time,  gave  a 
slight  reduction  (with  Fehling's  solution)  which  did  not  increase  in  amount.  Ny- 
lander's  reagent  gave  no  test  for  dextrose.  The  solution  was  precipitated  with 
alcohol  and  the  filtrate  gave  no  reaction  for  sugars  after  removal  of  the  alcohol.  The 
precipitate  of  dextrin-like  substance  gave  a  slight  reduction.^  A  flocky  blue  precipi- 
tate was  always  present  in  the  test.  Towards  diastase  and  amylolytic  pancreatic 
extract  isolichenin  showed  similar  behavior. 

H.  Isolichenin  was  treated  with  varying  strengths  of  HCl  (0.2-0.5  per  cent)  at  38°  C.  for 
twelve  hours.     No  sugar  was  obtained  in  any  instance. 

H(3nig  und  St.  Schubert:  loc.  cit.^  pp.  694-696. 
*  MuscuLUS  and  v.  Merino  (Zeitscbr.  fur  physiol.  Chemie,  1876,  ii,  pp.  410- 
419)  obtained  from  glycogen  and  starch  achroodextrins  which  likewise  slightly 
reduce  Fehling's  solution. 
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The  unusual  behavior  of  isolichenin  towards  amylolytic  enzymes  — 
the  formation  of  dcxtrins  without  sugars —  recalls  the  formation  (from 
glycogen)  of  dystropo-dextrin,  an  achroodextrin  resisting  the  further 
action  of  enzymes.' 

The  peculiar  carbohydrates  of  Cetraria  islandica  are  doubtless 
merely  types  of  those  occurring  in  numerous  other  varieties  of  this 
group  of  plants. 

1  Seegen  :  Archiv  f.  d.  ges.  Physiol.,  1879,  ^i^»  P-  106;  Tebb,  M.  C.  :  Journal 
of  physiology,  1898,  xxii,  p.  428. 


VARIATIONS   IN   THE   AMYLOLYTIC   POWER  AND 
CHEMICAL   COMPOSITION  OF   HUMAN 

MIXED   SALIVA.^ 

By  R.   H.  CHITTENDEN  and  A.  N.  RICHARDS,  B.  A. 

[From  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale  University^ 

SINCE  saliva  is  the  product  of  secretory  glands  having  their  periods 
of  comparative  rest  and  activity,  it  follows  quite  naturally  that 
this  secretion  might  be  expected  to  show  variations  in  amylolytic 
power  at  different  periods  of  the  day :  /.^.,  that  the  secretion  obtained 
after  a  period  of  glandular  activity  might  possess  less  starch-digesting 
power  than  the  secretion  coming  from  glands  which  have  been  in  a 
state  of  rest — due  mainly  to  variations  in  the  proportion  of  active 
enzyme  present.  Further,  the  well-known  sensitiveness  of  the  amy- 
lolytic enzyme  to  changes  of  reaction  suggests  also  the  possibility  of 
fluctuations  in  amylolytic  power  dependent  primarily  upon  changes 
in  the  proportion  of  alkaline-reacting  salts  contained  in  the  secretion. 
In  spite  of  the  large  amount  of  work  of  a  chemico-physiological 
nature  done  upon  saliva,  these  questions  have  received  very  little 
attention.  During  the  past  year,  however,  Hofbauer  ^  in  an  interest- 
ing communication  has  presented  a  series  of  results,  bearing  on  the 
daily  fluctuations  in  the  amylolytic  power  of  saliva,  but  his  observa- 
tions were  limited  solely  to  determination  of  the  starch-digesting 
power  at  diff*erent  periods  of  the  day  without  regard  to  any  pos- 
sible relationship  between  the  amylolytic  power  and  the  chemical 
composition  of  the  secretion.  His  results,  however,  show  clearly 
that  human  mixed  saliva  does  fluctuate  in  amylolytic  power  through- 
out the  twenty-four  hours,  and  further  that  the  starch-digesting  power 
of  the  saliva  secreted  before  breakfast,  for  example,  is  greater  than 
that  of  the  secretion  collected  after  breakfast.  Our  results  afford 
distinct  confirmation  of  the  general  truth  of  this  observation.  Hof- 
bauer states  in  his  paper  that  the  only  previous  work  bearing  upon 

*  A  summary  of  some  of  the  results  contained  in  this  paper  was  presented  at  the 
Meeting  of  the  American  Physiological  Society  in  December,  1897,  and  published 
in  the  Proceedings  of  the  Society,  this  Journal,  1898,  ii,  p.  iii. 

2  Hofbauer  :  Archiv  f.  d.  ges.  Physiol.,  1897,  Ixv,  p.  503. 
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this  subject  is  that  by  Chittenden  and  Ely.*  The  latter  work,  however, 
has  no  bearing  whatever  upon  the  question  of  possible  variation  in 
the  amylolytic  power  of  the  secretion  at  different  periods  of  the  day. 
Indeed,  in  the  paper  in  question  it  is  distinctly  stated  that  **  the  saliva 
was  collected  generally  an  hour  or  two  after  breakfast,"  with  the 
distinct  object  of  avoiding  possible  variations  in  composition  due  to 
the  period  of  collection.  The  sole  object  of  that  investigation  was  to 
ascertain  whether  there  is  any  connection  between  possible  variations 
of  alkalinity  and  the  amylolytic  power  of  saliva.  The  results  there 
reported  afford  no  indication  whatever  of  the  relative  amylolytic 
action  of  the  secretion  for  different  periods  of  the  day,  since  the  fluids 
studied  were  invariably  collected  at  essentially  the  same  hour.  It 
was  ascertained,  however,  that  the  alkalinity  of  mixed  saliva  as  meas- 
ured by  titration  with  a  standard  acid,  using  cochineal  as  an  indicator, 
was  fairly  constant  for  a  given  individual  at  a  given  period  of  the  day 
(9-10  A.M.),  while  saliva  from  different  individuals  may  show  a  con- 
stant difference  in  alkalinity,  although  in  the  majority  of  cases  the 
alkalinity  varied  only  within  narrow  limits.  In  amylolytic  action, 
however,  there  were  no  corresponding  differences;  fluctuations  were 
observed,  but  within  too  narrow  limits  to  indicate  any  tangible  rela- 
tion between  the  two  factors. 

It  has  become  the  custom  to  assume  that  the  alkalinity  of  saliva, 
as  indicated  by  its  reaction  toward  litmus  paper,  is  due  more  or  less  to 
the  presence  of  sodium  carbonate.  Thus,  in  the  latest  text-book  of 
physiology  the  statement  ^  is  made  that  **  the  alkalinity  of  saliva  de- 
pends upon  the  presence  of  sodium  carbonate.  In  man  and  in  the  dog 
the  percentage  of  this  salt  varies  from  0.08  to  0.19  per  cent."  So  far 
as  we  are  aware,  however,  there  is  no  justification  for  this  statement. 
In  the  earlier  work  from  this  laboratory  ^  it  was  stated  that  the  average 
alkalinity  for  fifty-one  samples  of  human  mixed  saliva  was  O.08  per 
cent,  ''expressed  in  the  form  of  sodium  carbonate."  Further,  in  all 
the  tabulated  results  contained  in  that  paper,  the  alkalinity,  as  meas- 
ured by  titration  with  standard  acid  in  the  presence  of  cochineal  as  an 
indicator,  was  carefully  expressed  as  "  equivalent  in  Na2C08,"  this 
being  done  to  avoid  any  positive  statement  as  to  the  exact  cause  of 
the  alkalinity.     Further,  in  the  oft-quoted  work  of  Werther*  the  al- 

'  Chittenden  and  Ely:  American  chemical  journal,  1883,  iv,  p.  329. 
2  Text-book  of  physiology',  edited  by  E.  A.  Schafer,  1898,  vol.  i,  p.  504. 
8  Chittenden  and  Ely  :  American  chemical  journal,  1883,  iv,  p.  333. 
"*  Werther:  Archiv  f.  d.  ges.  Pliysiol.,  1886,  xxxviii,  p.  293 
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kalinity  of  the  saliva  of  the  dog  was  determined  by  titration  with 
decinormal  sulphuric  acid  with  litmus  as  an  indicator:  a  method 
which  obviously  would  throw  no  light  upon  the  cause  of  the  alkalinity. 
Moreover,  in  at  least  some  of  the  tables  containing  his  results  the 
percentage  of  alkalinity  is  expressed   as   **  alkalinity  calculated  as 

NasCOs." 

Examination  of  a  large  number  of  samples  of  human  mixed  saliva 
obtained  from  different  individuals  at  different  periods  of  the  day 
convinces  us  that,  under  normal  conditions  at  least,  human  saliva 
never  contains  the  least  trace  of  sodium  carbonate.  Toward  litmus, 
iacmoid,  etc.,  human  saliva  constantly  reacts  alkaline,  but  with  phe- 
nolphthaleYn  it  invariably  shows  an  acid  reaction,  and  a  certain  amount 
of  a  decinormal  alkali  solution  is  required  to  bring  out  an  alkaline  re- 
action with  this  indicator.  Further,  phenolphthaleYn  is  an  extremely 
sensitive  reagent  for  sodium  carbonate;  a  solution  containing  o.ooi 
per  cent  of  sodium  carbonate  will  give  a  pink  color  when  brought  in 
contact  with  a  solution  of  phenolphthaleYn.  With  human  saliva, 
however,  we  have  never  obtained  any  color  reaction  with  phenol- 
phthaleTn  whatever;  the  solution  invariably  remains  colorless,  thus 
proving  that  the  alkalinity  indicated  by  litmus  must  be  due  to  some 
acid  salt  or  salts,  like  the  hydrogen  alkali  phosphates,  with  possibly 
some  alkali  bicarbonate.  The  submaxillary  saliva  of  the  dog,  how- 
ever, obtained  by  stimulation  of  the  chorda  tympani  is  usually,  at 
least,  faintly  alkaline  to  phenolphthaleTn ;  ^  consequently  this  fluid 
may  owe  its  alkalinity  in  part  to  sodium  carbonate.  These  facts,  which 
admit  of  easy  confirmation,  are  worthy  of  some  consideration,  since 
they  have  an  important  bearing  upon  the  normal  conditions  govern- 
ing enzyme  action. 

I.  Relative  Alkalinity  and  Acidity  of  Human  Saliva  before 

AND   AFfER  EaTING. 

In  this  series  of  experiments  the  saliva  was  collected  from  one 
individual,  stimulation  of  the  secretion  being  effected  by  chewing  a 
small  piece  of  rubber.  About  1 5  c.c.  of  fluid  were  collected  each  time. 
The  portion  collected  before  breakfast  was  obtained  at  7.30  A.  M.,  half 
an  hour  before  eating,  while  the  portion  collected  after  eating  was 
obtained  fifteen  minutes  after  the  close  of  the  meal.     The  alkalinity 

1  Chittenden;  Science,  n.  s.,  1897,  v,  p.  902.  Also  Chittenden,  Mendel, 
and  Jackson:  This  Journal,  1898,  i.  p.  174. 
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was  determined  by  titrating  the  saliva  (5  c.c.)  with  a  decinormal  solu- 
tion of  sulphuric  acid,  using  lacmoid  as  an  indicator,  while  the  acidity 
was  determined  by  the  use  of  a  decinormal  solution  of  sodium 
hydroxide,  the  indicator  being  phenolphthaleYn.  The  alkalinity  was 
calculated  in  terms  of  sodium  carbonate,  and  is  also  expressed  as 
milligrams  of  H^SO^  (absolute)  required  to  neutralize  i  gram  of  saliva. 
The  degree  of  acidity  is  expressed  as  milligrams  of  NaOH  (absolute) 
required  to  neutralize  i  gram  of  saliva.  Following  are  the  results 
obtained :  — 


Alkalinity. 

Acidity. 

Milligrams  NaOH 
to  neutralize 
1  gram  saliva. 

Time. 

Exj)re88ed 

as  Na.jCO,. 

l*er  cent. 

Milligrams  H.2SO4 
to  neutralize 
I  gram  saliva. 

Hefore  Breakfast    .... 

0163 

0.78 

0.11 

After  Breakfast  .     . 

0.127 

0.61 

0.(H 

Before  Breakfast    . 

0.193 

0.93 

0.06 

After  Breakfast  .     . 

0.130 

0.64 

0.08 

Before  Breakfast    . 

0.142 

0.69 

0.06 

After  Breakfast  .    . 

0.122 

0.59 

0.06 

Before  Breakfast 

0.132 

0.64 

0.10 

After  Breakfast  . 

0.132 

0.64 

0.08 

Before  Breakfast 

0.173 

0.83 

0.08 

After  Breakfast . 

0.127 

0.61 

a(H 

Before  Breakfast 

0.148 

0.71 

0.11 

After  Breakfast . 

0.132 

064 

0.08 

Before  Breakfast 

0.168 

0.81 

•   •    •   • 

After  Breakfast . 

0.127 

0.61 

•    •   •   • 

Before  Breakfast 

0122 

0.59 

0.11 

After  Breakfast  . 

0.122 

0.59 

00s 

r.cfore  Breakfast 

0.148 

0.71 

.   .   .   • 

After  Breakfast  . 

0.137 

0.66 

.   •    .   • 

Before  Dinner    . 

0.1.32 

0.64 

0.08 

After  Dinner 

0.142 

0.69 

0.02 

Before  Dinner   . 

0.168 

0.81 

0.08 

After  Dinner 

0.158 

0.76 

0.08 

Before  Dinner    . 

0.153 

0.73 

0.06 

After  Dinner 

0.1.S8 

0.76 

0.02 
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A  glance  at  these  results  shows  that  the  alkalinity  of  saliva,  as  in- 
dicated by  lacmoid,  is  noticeably  greater  in  most  cases  in  the  fluid 
secreted  after  a  night's  rest,  before  breakfast,  than  in  the  secretion 
obtained  after  the  glandular  activity  induced  by  the  morning  meal. 
Before  and  after  dinner,  however  (i  P.  M.),  this  distinction  is  less 
conspicuous.  It  is  also  interesting  to  note  that  the  average  alkalin- 
ity, expressed  in  terms  of  sodium  carbonate,  is  somewhat  higher 
with  lacmoid  as  an  indicator  than  with  litmus  or  cochineal ;  a  fact 
which  would  be  expected  in  view  of  the  presence  of  the  hydrogen 
alkali  phosphates  contained  in  the  fluid.  It  is  likewise  to  be  seen  that 
the  average  acidity  as  indicated  by  phenolphthalern,  though  less  con- 
spicuous, is  also  inclined  to  diminish  after  eating. 

II.  Relative  Alkalinity  and  Amylolytic  Power  of  Human 

Saliva  before  and  after  Eating. 

In  this  series  of  experiments  the  main  object  was  to  ascertain  whether 
there  are  noticeable  variations  in  the  amylolytic  power  of  saliva  before 
and  after  eating  and  whether  such  variations,  if  existent,  run  parallel 
with  variations  in  the  alkalinity.  As  in  the  previous  experiments,  the 
saliva  was  collected  by  chewing  a  small  piece  of  rubber. 

Amylolytic  power  was  determined  as  follows;  5  c.c.  of  the  filtered 
saliva  were  diluted  with  distilled  water  to  50  c.c. ;  10  c.c.  of  the  diluted 
fluid  were  then  added  to  i  gram  of  pure  arrowroot  starch  made  into  a 
paste  with  90  c.c.  of  water,  and  the  mixture  kept  at  38°  C.  for  half  an 
hour.  Amylolysis  was  then  stopped  by  boiling  the  fluid,  after  which 
the  solution,  when  cool,  was  made  up  to  150  c.c.  with  water  and  the 
reducing  sugar  determined  by  the  Allihn  Method,  using  25  c.c.  of 
the  sugar-containing  solution.  The  results  are  expressed  as  milli- 
grams of  maltose  formed  from  i  gram  of  starch  by  i  c.c.  of  saliva. 
The  data  obtained  are  given  on  the  next  page. 

From  these  results  it  would  appear  that  saliva  secreted  after  a  period 
of  glandular  inactivity,  as  before  breakfast,  is  ordinarily  possessed 
of  greater  amylolytic  power  than  the  secretion  obtained  after  eating; 
results  which  accord  closely  with  Hofbauer's  observations.  Before 
and  after  dinner  (i  p.  M.),  however,  the  difference  in  amylolytic 
power  is  less  pronounced ;  a  fact  which  might  be  expected  in  view  of 
the  short  period  for  recuperation  between  the  breakfast  and  dinner 
and  because  of  the  more  or  less  constant  stimulation  of  the  salivary 
glands  during  the  waking  hours.  Further,  wc  see  in  these  results  a 
suggestion  of  some  degree  of  relationship  between  the  percentage  of 
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Collector. 

Time. 

Alkalinity. 

Amylolytic  Powek. 

Milligrams  Maltose 

formed  t)y  i  cc 

saliva. 

Expressed 

as  Na-^COg. 

l*er  cent. 

Milligrams  Ii3S04 

to  neutralize 

I  gram  saliva. 

K. 

Hefore  Breakfast 

0.173 

083 

523.4 

After  lireakfast 

0127 

0.61 

511.8 

R. 

IJeforc  Breakfast 

0.168 

081 

630.6 

After  Breakfast 

0.127 

0.61 

583  8 

R. 

Hefore  Breakfast 

0148 

0.71 

562.2 

After  Breakfast 

0.132 

064 

485.4 

R. 

Before  Breakfast 

0.122 

0.59 

6204 

After  Breakfast 

0.122 

0.59 

534.6 

R. 

Before  Breakfast 

0148 

0.71 

549.0 

After  Breakfast 

0.137 

0^ 

510.5 

J. 

Before  Breakfast 

•   •   •   • 

•   •    •   • 

209.4 

After  Breakfast 

•    •   •   • 

•   •   •   • 

224.4 

M. 

Before  Breakfast 

0.117 

0.56 

585.0 

After  Breakfast 

0.102 

0.49 

468^ 

M. 

Before  Breakfast 

•  •   •   • 

•   «    •   • 

621.0 

After  Breakfast 

•   •   •   • 

•     a      •     • 

537.6 

R. 

Before  Dinner 

0.153 

0.73 

549.6 

After  Dinner 

0.158 

0.76 

536.4 

R. 

Before  Dinner 

0142 

0.69 

582.0 

After  Dinner 

0.142 

0.69 

564.6 

R. 

Before  Dinner 

•     ■      a     • 

•   •   •   • 

570.0 

After  Dinner 

•      •     •     • 

•     •     a     • 

562.8 

R. 

Before  Dinner 

0.163 

0.78 

599.8 

After  Dinner 

0.158 

0.76 

606.6 

R. 

Before  Dinner 

•   •  •   • 

•        •        B        « 

591.0 

After  Dinner 

•   •   •   • 

•       •         •       • 

547.2 

alkaline  salts  contained  in  the  saliva  and  its  amylolytic  power.  Be- 
fore breakfast,  for  examf|Je,  the  content  of  alkaline  salts  and  the  starch- 
digesting  power  of  the  secretion  are  greater  than  in  the  fluid  secreted 
after  glandular  activity.  At  first  glance,  then,  it  might  seem  that  the 
variations  in  amylolytic  action  noticed  above  are  due  to  changes  in 
the  proportion  of  alkaline  salts.  The  objection  to  this  view,  however, 
is  that  it  associates  the  higher  degree  of  amylolytic  power  with  the 
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higher  percentage  of  alkalinity,  whereas  numerous  trustworthy  ex- 
periments tend  to  show  that  saliva  manifests  its  highest  degree  of 
digestive  power  in  a  perfectly  neutral  fluid.^  Consequently,  if  the 
above  variations  in  amylolytic  action  are  primarily  due  to  changes  in 
the  proportion  of  alkaline-reacting  salts,  then  the  higher  degree  of 
amylolysis  should  be  connected  with  the  lower  degree  of  alkalinity. 
As  the  reverse  is  true,  the  more  plausible  and  natural  explanation  of 
the  results  is  that  the  higher  degree  of  amylolysis  is  connected  pri- 
marily with  the  presence  of  larger  amounts  of  the  amylolytic  enzyme, 
and  as  this  is  presumably  connected  with  the  outpouring  of  a  more 
concentrated  secretion  a  corresponding  increase  in  alkaline-reacting 
salts  might  naturally  be  expected.  Further,  in  harmony  with  the 
latter  view  it  is  to  be  noticed  that  the  secretions  obtained  before  and 
after  breakfast  fail  to  show  any  close  parallelism  between  the  varia- 
tions in  amylolytic  power  and  variations  in  alkalinity.  Thus,  the  most 
marked  differences  in  digestive  power  are  frequently  seen  with  salivas 
which  show  only  a  slight  difference  in  alkalinity,  and  on  the  other 
hand  marked  differences  in  alkalinity  may  be  associated  with  minor 
differences  in  amylolytic  power. 

III.  Alkalinity,   Amylolytic    Power,   and    Composition    of 
Human  Saliva  before  and  after  Eating. 

In  view  of  the  preceding  results,  the  following  set  of  experiments 
was  tried  in  which,  in  addition  to  alkalinity  and  amylolytic  power,  the 
proportion  of  dry  solids  and  inorganic  salts  of  the  saliva  was  likewise 
determined.  The  dry  solids  were  determined  by  simply  drying  a 
weighed  amount  of  the  filtered  saliva  —  usually  five  grams  —  on  a 
water-bath  and  heating  at  105°  C.  in  an  air-bath  until  of  constant 
weight.  The  inorganic  salts  were  then  determined  by  careful 
ignition  of  the  residue.  In  some  of  the  following  experiments 
relative  amylolytic  action  was  determined  by  Robert's  ^  method,  th& 
method  being  based  on  the  different  lengths  of  time  which  solutions 
of  different  amylolytic  power  require  to  digest  a  certain  amount  of 
starch  paste  to  the  achromic  point.  The  results  obtained  by  this 
method  are  expressed  in  minutes;  /.  ^.,  the  number  of  minutes  which 
elapse  from  the  time  the  diluted  saliva  is  added  to  the  starch  paste 
until  the  appearance  of  the  achromic  point. 

*  Langley  and  Eves:  Journal  of  physiology,  1883,  iv,  p.  18.     Chittenden 
and  Smith  :  Studies  in  physiol.  chemistry,  Yale  University,  1885,  i,  p.  8. 
^  See  Gamgee*s  Physiological  chemistry  of  the  animal  body,  vol.  2,  p.  56. 
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Following  are  the  results  obtained :  — 


7^          Collector.       1 

Time. 

Vol. 
c.c. 

30 

Alkai 

JNITY. 

Mg.H2S04 
to  neutral- 
ize I  gram 
saliva. 

0.76 

Amylolytic 

I'cnVER. 

Mg.  maltose 

formed  by 

I  c.c.  saliva. 

Total 
solids. 

Per  cent. 

Organic 
matter. 

Per  cent. 

Inorganic 
salts. 

Per  cent. 

AsNa./:Oa 
Per  cent. 

Breakfast. 
Before 

0.1. "^8 

649.2 

1.02 

0.77 

0.24 

After 

25 

0.122 

0.59 

601.2 

0.51 

0.33 

0.17 

R. 

Before 

25 

O.IM 

0.78 

651.0 

0.86 

0.58 

0.28 

After 

40 

0.112 

0.55 

615.6 

0.51 

0.30 

0.21 

R. 

l^efore 

20 

0.122 

0.59 

467.4 

044 

0.23 

0.22 

After 

25 

0.102 

0.49 

491.4 

0.40 

0.19 

021 

D. 

Before 

20 

0.081 

0.39 

43.01 

037 

0.21 

0.16 

After 

20 

0.096 

0.46 

50.0 

0.39 

024 

0.15 

A. 

Before 

50 

0.153 

0.73 

12.0 

0.45 

0  30 

015 

After 

40 

0.158 

0.76 

15.0 

0.53 

0.34 

0.19 

B. 

Before 

40 

0.137 

0.^)6 

13.0 

0.32 

0.15 

0.17 

After 

30 

0.132 

0.64 

8.0 

037 

0.21 

0.16 

*  In  this  and  th< 

I  two  follow 

ing  experim 
Robert's 

ents  amylolyti 
method. 

c  power  was  determined  by 

In  these  results  we  have  a  suggestion  of  the  same  general  tendency 
toward  decrease  of  amylolytic  power  and  lowered  content  of  alkaline 
salts  in  the  saliva  secreted  after  the  morning  meal,  while  as  accom- 
panying results  we  see  corresponding  fluctuations  (although  not  in  all 
cases)  in  the  proportion  of  total  solids,  organic  matter,  and  inorganic 
salts,  thus  bearing  out  the  view  that  the  variations  in  amylolytic  power 
arc  connected  mainly  with  changes  in  the  general  concentration  of 
the  secretion.  At  the  same  time  it  is  to  be  observed  that  the  above 
differences  in  composition  and  amylolytic  power  are  much  more 
marked  with  the  individual  R  than  with  A,  B,  and  D.  In  fact,  with 
the  latter  three  individuals  there  is  very  little  difference  in  composi- 
tion in  the  saliva  before  and  after  the  morning  meal,  and  further  in 
the  third  experiment  with  R  the  amylolytic  power  after  the  meal  is 
greater  than  that  of  the  saliva  secreted  before  eating.  These  results 
have  led  to  another  series  of  experiments  having  in  view  especially 
the  determination  of  the  fluctuations  in  the  character  of  the  saliva 
throughout  the  day. 
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IV.  Variations  in  the  Composition  and  Amylolytic  Power 
OF  Human  Saliva  throughout  the  Day. 

In  the  first  series  of  experiments  under  this  head  the  saliva  studied 
was  collected  by  chewing  a  piece  of  rubber.  The  mid-day  dinner 
was  omitted ;  breakfast,  however,  was  taken  at  7.50  A.  M.  and  supper 
at  6.40  P.  M.  Samples  of  saliva  were  analyzed  every  hour  or  two 
throughout  the  day.     Following  are  the  results  obtained :  — 


Date. 

Time. 

Volume 

saliva. 

c.c. 

Alkalinity 
calculated  as 

Na-^COj. 
Per  cent. 

Amylolytic 

power. 

Milligrams 

maltose. 

Total 
solids. 

Per  cent. 

Organic 
matter. 

Per  cent. 

Inor- 
ganic 
salts. 

Per  cent. 

Jan.  20 

A.M. 

7.15  to    7.30 

21 

0.112 

574.2 

0.59 

0.29 

0.30 

«    20 

7.50  to    8.15, 

Breakfast 

*'    20 

8.40  to   8.55 

25 

0.091 

469.2 

0.41 

0.18 

0.23 

•*    20 

10.00  to  10.15 

29 

0.102 

544.8 

0.44 

0.24 

0.20 

"    20 

11.00  to  11.18 

23 

0.102 

517.2 

0.40 

0.23 

0.17 

"    20 

P.M. 

12.00  to  12.13 

21 

0.132 

183.6 

0.39 

0.16 

0.23 

"    20 

12.45  to  12.55 

19 

0.112 

280.8 

0.40 

0.20 

0.20 

•*    20 

2.00  to    2.15 

21 

0.112 

270.6 

0.37 

0.16 

0.21 

"    20 

3.00  to    3.12 

21 

0.132 

217.8 

0.44 

0.26 

0.18 

'*    20 

4.00  to    4.13 

22 

0.132 

382.8 

0.47 

0.27 

0.20 

"    20 

5.00  to    5.14 

23 

0.153 

575.4 

0.54 

0.29 

0.25 

"    20 

7.00  to    7.25, 

Supper 

"    20 

8.30  to    8.45 

29 

0.153 

513.0 

0.49 

0.25 

0.24 

"    20 

10.40  to  10.55 

28 

0.163 

459.6 

0.55 

0.38 

0.17 

Here,  as  in  the  preceding  experiments,  there  is  noticeable  the 
same  diminution  of  amylolytic  power,  alkalinity,  and  content  of  solid 
matter,  etc.,  in  the  mixed  saliva  secreted  directly  after  the  morning 
meal.  Of  special  significance,  however,  is  the  marked  variation  in 
the  values  throughout  the  day,  thereby  suggesting  the  existence  of  a 
normal  curve  of  secretion.  Thus,  after  the  morning  meal  the  saliva 
shows  the  effect  of  the  stimulation  by  its  lower  content  of  solids,  etc. 
Soon  after,  however,  there  is  an  upward  tendency ;  the  curve  rises, 
and  amylolytic  power  is  increased  as  well  as  the  alkalinity,  together 
with  the  total  solids  and  organic  matter.     The  inorganic  salts,  on  the 
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other  hand,  still  remain  low.  Towards  noon  time,  amylolytic  power 
sinks  very  greatly,  and  there  is  a  corresponding  drop  in  the  propor- 
tion of  organic  solids,  although  the  alkalinity  and  inorganic  salts  still 
remain  fairly  high.  After  this,  amylolytic  power  gradually  rises, 
reaching  the  maximum  again  at  5  P.  M.  with  a  corresponding  rise  in 
alkalinity,  total  solids,  etc.  Supper  at  7  P.  M.  apparently  causes  a 
slight  fall  in  amylolytic  power,  together  with  a  fall  in  the  solid  mattef 
secreted.  At  10.40  P.  M.  amylolytic  power  shows  a  still  greater  fall, 
although  alkalinity  and  solid  matter  are  increased  in  amount. 

How  far  are  the  preceding  variations  in  the  secreted  saliva  due  to 
the  combined  influence  of  taking  food  and  the  mechanical  stimulation 
incidental  to  mastication  of  the  rubber,  and  how  far  to  a  natural 
variation  in  the  composition  of  the  secretion?  This  question  we  have 
endeavored  to  answer  by  noting  the  variations  in  the  saliva  on  a  day 
when  food  was  abstained  from,  and  by  collecting  the  saliva  without 
movement  of  the  jaws.  This  was  accomplished  by  simply  resting  the 
head  on  the  hands,  with  the  mouth  downwards,  and  allowing  the 
saliva  to  drip  into  a  beaker  without  any  unnecessary  movement.^  In 
this  way  15-20  c.c.  of  saliva  were  collected  in  half  an  hour. 

Following  are  the  results  obtained :  — 


Date. 

Time. 

Volume 

saliva. 

c.c. 

Alkalinity 

calculated  as 

Na2C03. 

Per  cent. 

Amylolytic 
power. 

Milligrams 
maltose. 

Total 
solids. 

Percent. 

Organic 

matter. 
1 
,  Per  cent. 

In- 
organic 
salts. 
Percent. 

Jan.  26 

MldBlfht 
11.45  to  12.15 

15 

0.061 

490.4 

0.38 

0.23 

0.15 

*'    27 

A.M. 

6.40 10   7.30 

13 

0.088 

572.4 

0.63 » 

\    0.47 

0.16 

"    27 

9  30  to  10.00 

15 

0.092 

558.6 

•    •    •    • 

•      •      •      • 

. . .  • 

•*   27 

11.00  to  11.30 

20 

0.071 

381.0 

0.33 

0.18 

0.15 

"    27 

P.M. 

12.25  to  12.50 

17 

0.102 

441.0 

0.37 

1 

0.19 

1   • 

0.18 

"   27 

2.15  to   2.45 

16 

0.092 

347.4 

0.32 

0.20 

0.12 

"   27 

4.00  to  4.30 

19 

0.091 

416.4 

0.35 

0.19 

0.16 

"   27 

5.15  to   5.50 

18 

0.102 

423.0 

0.35 

0.19 

1 

0.16 

"    27 

7.00  to   7.25, 

Supper 

'*   27 

8.30  to  9.00 

20 

0.102 

403.2 

0.43 

,    0.28 

0.15 

1  This  result  is  of  so 

mewhat  c 

questionable  '< 

iccuracy,  havi 

ng  l>een  obtained 

with  a 

ver 

y  small  amoui 

U  of  saliva. 

^  See  HoFBAUER :  loc,  cit.,  p.  503. 
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A  study  of  these  results  shows  clearly  that  when  the  stimulating 
influences  of  food  and  mastication  are  withdrawn,  conspicuous  altera- 
tions in  the  composition  and  physiological  action  of  the  saliva  are 
still  found,  as  though  there  might  be  a  normal  curve  independent  of 
the  fluctuations  induced  by  stimuli.  Thus  at  11.30  A.  M.  there  is  seen 
the  same  fall  in  amylolytic  power  that  was  so  conspicuous  in  the 
preceding  experiment.  Further,  the  saliva  secreted  at  2.15  P.  M. 
shows  a  diminution  in  amylolytic  power,  as  noticeable  as  the  diminu- 
tion frequently  observed  after  a  hearty  meal.  It  is  thus  quite  evident 
that  in  the  absence  of  food  and  other  stimulation  hourly  changes  in 
the  amylolytic  power  of  mixed  saliva  may  occur  just  as  marked  as 
those  noticed  in  the  saliva  secreted  before  and  after  breakfast.  Vari- 
ations in  alkalinity,  total  solids,  etc.  are  not  so  prominent.  It  is  to  be 
noticed,  however,  from  the  last  series  of  experiments,  that  in  the 
absence  of  breakfast  there  is  no  great  variation  in  the  amylolytic 
power  of  the  saliva  secreted  between  6.40  and  11.00  A.M.;  conse- 
quently we  may  accept  the  conclusion,  justified  by  the  results  of  most 
of  our  experiments,  that  the  taking  of  food,  as  at  breakfast,  tends  to 
lower  the  starch-digesting  power  of  the  saliva  secreted  some  time 
thereafter.  This  being  so  it  seems  probable  that  other  forms  of 
stimulation  may  likewise  give  rise  to  a  change  in  the  composition  and 
physiological  action  of  mixed  saliva. 

V.   Influenxe  of  Various  Stimuli  on  the  Composition  and 

Amvlolvtic  Power  of  Human  Saliva. 

In  this  series  of  experiments  the  attempt  was  made  to  ascertain 
how  far  the  character  of  the  stimulus  modifies  the  properties  of 
mixed  saliva.  The  special  stimuli  employed  were  ether,  alcohol, 
whiskey,  and  gin.  The  first  two  were  taken  into  the  mouth  in  the 
form  of  vapor,  and  the  saliva  allowed  to  trickle  from  the  mouth  with- 
out motion  of  the  jaws,  the  fluid  so  obtained  being  compared  with 
saliva  resulting  from  the  mechanical  stimulation  produced  by  chew- 
ing a  piece  of  rubber.  With  whiskey  and  gin,  the  mouth  was  well 
rinsed  with  the  fluid  and  the  saliva  collected  by  allowing  it  to  flow 
from  the  corner  of  the  mouth.  The  control  experiments  with  water 
were  made  in  the  same  way;  i>.,  the  mouth  was  rinsed  with  water 
and  the  saliva  allowed  to  trickle  forth.  Finally,  for  the  sake  of 
comparison  and  to  ascertain  how  far  two  samples  of  saliva  obtained  at 
such  close  intervals,  under  similar  forms  of  stimulation,  differ  from 
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each  other,  four  control  experiments  were  tried  with  water  and  rub- 
ber alone. 

Following  are  the  results  obtained :  — 


1 

Date.         Time. 

1 

Stimulus. 

Volume 

saliva 

c.c. 

40 

Alkalinity 
calculated 
asNajjCOa.: 

Per  cent. 

Amylolytic 

power. 

Milligrams 

maltose. 

Total 
solids. 

Per 
cent. 

Organic 
matter. 

Per  cent. 

Inor- 
ganic 
salts. 

Per 
cent. 

0.32 

A.M. 

Dec.   3  11.05-11.30  Kuhl>cr 

0.168 

582.6 

0.63 

031 

11.30-11.50  Ether 

1 

30 

0.204 

624.6 

0.76 

0.54 

0.22 

"      9     9.50-10.10  Rubber 

30 

•    •    •    • 

562.8 

054 

030 

0.24 

10.10-10.30  Ether 

25 

•    •    •    • 

498.6 

0.54 

0.29 

0.31 

"     13  11.40-12.00  Rubber 

1 

40 

0.122 

472.2 

0.41 

0.21 

0.20 

P.II.  12.00-12.35 

A.M. 

"     14  10.00-10.30 

Alcohol 
Water 

28 
30 

0.132 
0.061 

510.6 
473.4 

0.43 
0.32 

0.19 
0.19 

0  24 
a  13 

1030-11.00 

Whiskey 

35 

0.102 

485.4 

0.42 

0.29 

013 

"     16  10.15-10.40 

Water 

23 

0.071 

483.6 

0.34 

0.20 

0.14 

1 10.45-1 1.20 

1 

Gin 

24 

a  102 

642.0 

0.53 

0.36 

0.17 

"     17  11020-10.38 

Ether 

27 

0.122 

586.2 

0.32 

0.16 

0.16 

1 10.45-10.55 

Rubber 

28 

0.183 

577.2 

0.52 

0.24 

0.28 

"     20  1M5-11.4S 

Water 

24 

0071 

606.6 

0.68 

0.55 

0.13 

P.M.   12.15-12.45 

W^ater 

24 

0.102 

564.0 

0.38 

0.27 

0.11 

Jan.  11     3.03-  3.35[  Water 

26 

0.053 

436.8 

030 

0.16 

0.14 

4  05-  4.40 

A.M. 

"     13  11.25-11.40 

Water 
Rubber 

30 
30 

0.061 
0.153 

532.2 
5718 

0.35 
0.49 

0.21 
0.26 

0.14 
0.23 

P.M.  12.10-12.26 

Rubber 

30 

0.261 

550.8 

0.47 

0.24 

0.23 

"     14  10.38-10.58 

Rubber 

34 

0.132 

577.8 

0.50 

0.27 

0.23 

11.30-11.45 

1 

Rubber 

32 

0.142 

594.6 

0.51 

0.26 

025 

A  glance  through  these  results  shows  at  once  certain  marked  dif- 
ferences in  the  character  of  the  saliva  obtained  under  the  different 
conditions  specified.  Thus,  saliva  which  flows  from  the  mouth  after 
the  latter  has  been  rinsed  once  with  water  invariably. shows  a  lower 
degree  of  alkalinity,  and  generally  contains  a  smaller  percentage  of 
solid  matter,  than  the  secretion  obtained  by  the  other  methods.  In 
amylolytic  power,  however,  there  is  great  variation;  some  samples 
showing  a  relatively  strong  amylolytic  action,  while  others  with 
essentially  the  same  degree  of  alkalinity  are  much  weaker  in  their 
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starch-digesting  power.  Simple  mastication  of  rubber  has  a  marked 
influence  in  raising  the  content  of  alkaline  salts  in  the  saliva,  as 
well  as  the  total  inorganic  constituents,  and  there  is  a  tendency 
toward  increase  in  amylolytic  power  although  the  latter  is  not 
constant. 

As  to  the  influence  of  alcohol,  ether,  gin,  and  whiskey,  there  is,  we 
think,  no  question  that  these  agents  taken  into  the  mouth  change 
the  character  of  the  secretion,  increasing  its  alkalinity,  amylolytic 
power,  and  content  of  solid  matter.  This  is  certainly  true  if  the 
secretion  so  obtained  is  compared  with  the  saliva  flowing  from  the 
mouth  without  stimulation  of  any  kind.  Saliva,  however,  secreted 
under  the  stimulation  produced  by  chewing  rubber,  is,  as  we  have 
seen,  comparatively  concentrated,  and  the  difference  between  the 
secretion  resulting  from  that  method  and  the  fluid  coming  from 
ether,  alcohol,  and  other  like  forms  of  excitation,  without  mechanical 
stimulation,  is  not  so  decisive  in  the  above  experiments  as  to  make 
the  matter  quite  clear,  especially  in  view  of  the  fact  that  two  portions 
of  saliva  obtained  one  after  the  other,  by  the  same  method  of  stimula- 
tion, are  liable  to  show  marked  differences  in  composition  and  reac- 
tion. Particularly  noteworthy  is  the  fact  that  of  two  portions  of 
saliva  collected  one  after  the  other  by  mechanical  stimulation  (chew- 
ing rubber)  or  by  simply  allowing  the  saliva  to  flow  from  the 
mouth  after  once  rinsing  the  latter  with  water,  the  latter  portion 
of  saliva  is,  as  a  rule,  more  concentrated  and  possessed  of  higher 
amylolytic  power  than  the  portion  first  secreted.  It  is  thus  obvious 
that  great  care  must  be  exercised  in  drawing  deductions  from  the 
.  composition  and  amylolytic  action  of  mixed  saliva  when  the  latter 
is  so  prone  to  vary  under  what  seem  to  be  essentially  the  same 
forms  of  stimulation.  It  is  furthermore  equally  obvious  that  the 
possible  causes  to  which  the  above  variations  may  be  attributed 
are  many,  since  there  are  involved  three  distinct  sets  of  glands  in 
addition  to  the  buccal  glands  of  the  mouth  cavity.  Hence,  in- 
crease or  decrease  in  amylolytic  power,  as  well  as  in  the  general 
concentration  of  the  secretion,  may  involve  simply  an  alteration  in 
the  relative  activity  of  the  individual  glands  and  not  be  connected 
primarily  with  any  specific  stimulation  of  metabolic  or  secretory 
activity. 

However  this  may  be,  it  is  quite  clear  that  the  natural  variations  in 
the  character  of  the  mixed  saliva,  indicated  by  the  results  of  the  last 
four  experiments  of  the  above  series,  render  it  necessary  to  use  great 
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caution  in  arranging  the  conditions  under  which  the  experiments  are 
tried.  We  have  therefore  repeated  the  above  experiments,  choosing 
for  the  collection  of  the  saliva  a  time  of  day  when  we  have  found 
the  mixed  saliva  most  constant  in  composition ;  viz.,  between  9.30 
and  10.30  A.M.  To  be  sure,  there  are  variations  in  the  compo- 
sition and  starch-digesting  power  of  successive  portions  of  saliva 
collected  by  the  same  method  at  this  period,  but  they  arc  relatively 
small;  quite  small,  indeed,  as  compared  with  the  variations  liable 
to  occur  at  other  periods  of  the  day.  The  truth  of  this  statement 
is  illustrated  by  the  two  following  experiments,  in  which  the  saliva 
was  collected  without  stimulation,  simply  allowing  it  to  flow  from 
the  mouth. 


Date. 

Time. 

Volume 
saliva 

Alkalinity 

as 
Na.^CO,. 

Amylolytic 

Power. 
Milligrams 

Total 
Solids. 

Organic 
constit- 
uents. 

In- 
organic 
salts. 

c.c. 

Per  cent. 

maltose. 

Percent. 

Percent. 

Percent. 

Feb.  3 

A.M. 

9.32  to  10.06 

21.0 

00816 

569.4 

0.50 

0.31 

0.19 

"     3 

10.15  to  10.42 

22.0 

0.0918 

549.0 

0.46 

029 

0.17 

"     3 

P.M. 

.S.OOto    5.20 

19.5 

0.0918 

573.6 

0.49 

0.31 

0.18 

"     3 

5.27  to    550 

17.0 

0.1122 

613.8 

0.68 

0.51 

017 

Thus,  the  two  portions  collected  between  9.32  and  10.42  A.M.  are 
e.ssentially  alike,  while  the  two  fractions  secreted  between  5.00  and 
5.50  P.M.,  all  without  stimulation,  are  more  dissimilar.  Adopting  the 
morning  hour  as  the  better  time  for  collection,  experiments  were 
tried  with  alcohol,  ether,  chloroform,  whiskey,  and  gin,  comparing  in 
each  case  the  saliva  obtained  under  their  influence  with  the  secretion 
coming  without  stimulation  of  any  kind.  The  exact  method  pursued 
in  the  case  of  the  control,  /.  ^.,  with  water,  was  to  rinse  the  mouth  once 
with  distilled  water  after  which  the  saliva  was  simply  allowed  to  drop 
from  the  mouth  into  a  beaker.  With  ether  and  chloroform  the  mouth 
was  filled  once  with  the  vapor  and  the  saliva  then  allowed  to  flow 
spontaneously  into  a  receptacle  without  any  motion  of  the  jaws. 
With  the  alcohol,  gin,  and  whiskey  ID  c.c.  of  the  fluid  were  taken  into 
the  mouth,  held  a  moment,  and  then  ejected,  after  which  the  saliva 
was  collected  as  in  the  other  cases.  Lastly,  an  experiment  was  tried 
(Feb.   15)   by  chewing  rubber  as  a  stimulant,  and   comparing   the 


Variatio7ts  in  the  Power  and  Compositioft  of  Saliva,     475 

saliva  so  obtained  with  a  control  secreted  without  stimulation.     Fol- 
lowing are  the  results  obtained : 


Date. 

Time. 

.Stimulus. 

Vol. 

saliva 

c.c. 

Alkalinity 
as  NagCOg 

Per  cent. 

Amylolytic 
Power. 

Milligrams 
maltose. 

Total 
solids. 

Per 
cent. 

Organic 
constit- 
uents. 

Per  cent. 

Inor- 
ganic 
salts. 

Per 
cent. 

Feb.    7 

10.05-10.32 

Water 

18.0 

0.0714 

480.6 

0.42 

0.22 

0.20 

10.37-10.56 

40%  Alcohol 

18.0 

0.1122 

5142 

0.43 

0.26 

0.17 

"       8 

9.37-10.05 

Water 

18.0 

0.0612 

566.4 

0.42 

0.25 

0.17 

10.11-10.32 

Ether 

18.0 

0.1122 

558.6 

0.54 

029 

0.25 

•*     10 

9.53-10.18 

Water 

17.5 

0.0816 

604.2 

0.51 

033 

0.18 

10.27-10.47 

Chloroform 

17.0 

0.0714 

644.4 

0.69 

0.48 

021 

"     11 

9.4O-10.07 

Water 

17.0 

0.0714 

493.3 

0.39 

0.25 

0.14 

10.14-10.36 

Whiskey 

17.0 

0.1020 

547.8 

0.50 

0.31 

0.19 

"     15 

9.52-10.16 

Water 

16.5 

0.0816 

541.2 

0.38 

0.21 

017 

10.21-10.27 

Rubber 

17.0 

0.1530 

577.2 

0.58 

0.26 

0.32 

"     18 

9.33-10.03 

Water 

17.0 

0.0714 

584.4 

0.49 

0.33 

0.16 

10.10-10.34 

Gin 

19.0 

0.1020 

610.2 

0.57 

0.39 

0.18 

"     23 

9.26-  9.51 

Water 

17.0 

0.0714 

429.6 

0.30 

0.18 

0.12 

10.01-10.24 

Water 

17.5 

0.0714 

423.0 

0.31 

0.18 

0.13 

From  these  results  it  would  seem  quite  clear  that  the  several  agents 
employed,  with  the  exception  of  chloroform,  give  rise  to  a  marked 
increase  in  the  content  of  alkaline-reacting  salts  in  mixed  saliva. 
Mechanical  stimulation,  as  by  chewing  rubber,  however,  is  even  more 
effective  than  the  chemical  stimuli  employed,  although  it  must  not 
be  overlooked  that  in  the  above  experiments  the  action  of  alcohol, 
ether,  whiskey,  etc.,  is  necessarily  of  short  duration.  Further,  there 
is  evidence  in  most  of  the  results  of  an  increase  in  amylolytic  power, 
as  well  as  in  the  content  of  solid  matter  under  the  influence  of  the 
stimuli.  It  is  thus  safe  to  assert  that  alcohol  and  alcoholic  fluids 
not  only  stimulate  the  flow  of  saliva,  but  that  they  also  tend  to 
increase  the  concentration  and  amylolytic  power  of  human  mixed 
saliva,  —  results  which  are  in  close  accord  with  the  action  of  these 
fluids  upon  the  secretion  of  the  sub-maxillary  saliva  of  the  dog.^ 
Further,  simple   mechanical   stimulation,  as   mastication,  may   also 

*  See  Chittenden,  Mendel,  and  Jackson  :  This  journal,  1898,  i,  p.  167. 
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increase  the  amylolytic  power  of  mixed  saliva.  Lastly,  it  should  be 
mentioned  that  the  saliva  resulting  from  the  above  forms  of  stimu- 
lation, excepting  mechanical  stimulation,  is  much  more  viscid  than 
the  fluid  secreted  spontaneously,  evidently  from  a  higher  content  of 
mucin. 

Summary. 

Human  mixed  saliva  contains  normally  no  sodium  carbonate  what- 
ever; the  alkalinity  indicated  by  litmus,  lacmoid,  etc.,  is  due  to 
hydrogen  alkali  phosphates,  with  possibly  some  alkali  bicarbonate. 
Mixed  saliva  invariably  reacts  acid  to  phenolphthalelfn. 

The  alkalinity  of  mixed  saliva,  as  indicated  by  lacmoid,  is  greater 
before  breakfast  than  after  the  morning  meal ;  a  conclusion  which 
stands  in  direct  opposition  to  the  statement  frequently  made  that 
**  the  alkalinity  (of  mixed  saliva)  is  least  when  fasting,  as  in  the 
morning  before  breakfast,  and  reaches  its  maximum  with  the  height 
of  secretion  during  or  immediately  after  eating."  ^ 

Saliva  secreted  after  a  period  of  glandular  inactivity,  as  before 
breakfast,  manifests  greater  amylolytic  power  than  the  secretion  ob- 
tained after  eating,  as  observed  by  Hofbauer.  Corresponding  with  this 
increase  in  amylolytic  power  occurs  an  increase  in  the  proportion  of 
alkaline-reacting  salts,  but  the  increased  amylolysis  is  due  primarily 
to  an  increase  in  the  amount  of  active  enzyme  contained  in  the  saliva. 

Mixed  saliva,  whether  collected  by  mechanical  stimulation  or  col- 
lected without  effort,  shows  a  natural  tendency  to  vary  both  in 
composition  and  in  amylolytic  power  throughout  the  twenty-four 
hours,  and  apparently  independent  of  the  taking  of  food.  Between 
7.00  and  11.00  A.M.,  however,  in  the  absence  of  food  the  secretion  is 
remarkably  constant. 

Mechanical  stimulation,  as  chewing  a  tasteless  substance,  and 
alcohol,  ether,  gin,  whiskey,  etc.,  taken  into  the  mouth,  all  lead  to  the 
outpouring  of  a  secretion  richer  in  alkaline-reacting  salts  and  in 
amylolytic  power  than  the  secretion  coming  without  stimulation. 

Mixed  saliva  resulting  from  stimulation  with  ether,  alcohol,  etc.,  con- 
tains a  much  larger  proportion  of  mucin  than  the  secretion  coming 
without  stimulation,  being  noticeably  thick  and  viscid.  This  quality  is 
not  apparent  in  the  saliva  resulting  from  mechanical  stimulation. 

^  Text-book  of  physiology,  edited  by  E.  A.  Schafer,  1898,  i,  p.  344. 
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By  F.  W.  BANCROFT. 
[From  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School.] 

ALTHOUGH  several  investigations  of  the  venomotor  nerves  of 
other  regions,  particularly  the  portal  vein,  have  been  pub- 
lished, the  literature  of  the  venomotor  nerves  of  the  hind  limb  is  lim- 
ited to  the  single  paper  of  Thompson.^  On  stimulating  the  sciatic 
nerve  or  the  spinal  cord  of  four  dogs,  Thompson  observed  that  the 
superficial  veins  of  the  hind  limb  were  constricted.  The  constriction 
did  not  extend  throughout  the  vein  exposed,  but  was  limited  to 
short  sections,  between  which  the  diameter  remained  unchanged. 
The  same  result  was  obtained  in  four  of  the  five  rabbits  used. 

In  my  experiments  rabbits  and  cats  were  employed.  The  cat  is 
much  more  satisfactory  than  the  rabbit.  The  sciatic  nerve  was 
severed  under  ether  and  the  peripheral  end  stimulated  with  a  weak  in- 
terrupted induction  current  while  the  superficial  veins  on  the  outside 
^of  the  hind  limbs  were  examined.  Contractions  of  the  skeletal 
muscles  were  prevented  by  curare.  At  first  the  aorta  was  ligated 
before  stimulation  —  to  exclude  the  possibility  of  a  decrease  in  the 
diameter  of  the  observed  vein  in  consequence  of  constriction  of  the 
arteries  of  the  limb.^  The  veins  were  kept  covered  by  the  skin  when 
not  actually  under  examination.  Closing  the  aorta  did  not  cause 
any  marked  decrease  in  the  diameter  of  the  vein,  but  merely  a  flatten- 
ing and  general  flabbiness  throughout  its  extent.  The  stimulation  on 
the  other  hand  caused  a  marked  constriction,  which  was  quite  irregu- 
larly localized.  Usually  the  constricted  segments  were  short,  but 
occasionally  a  piece  ten  or  twenty  millimetres  in  length  would  con- 
tract uniformly.  After  a  brief  exposure  to  the  air  the  contractions 
were  more  variable  than  at  first,  parts  that  had  formerly  contracted 
now  often  failing. 

More  uniform  results  were  gained  when  the  vein  was  kept  from 
drying  and  cooling  by  irrigation  with  warm  normal  saline  solution. 
A  flap  of  skin  was  raised  to  form  a  small  reservoir  for  the  saline 

*  Thompson:  Archiv  fiir  Physiologic,  1893,  p.  102. 

^  The  closing  of  the  aorta  was  omitted  in  the  later  experiments  on  cats,  as  it 
'  was  found  to  make  no  essential  difference  in  the-result. 
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solution,  in  which  the  vein  lay  exposed.  The  part  contracted  by 
stimulation  was  now  much  longer.  Thus  in  the  rabbit  the  vein  oc- 
casionally contracted  uniformly  over  a  length  of  seventy  millimetres, 
and  contractions  of  thirty  to  forty  millimetres  were  the  rule.  In  the 
cat,  the  length  usually  contracting  was  even  greater.  But  even  with 
the  warm  saline  solution  the  phenomena  were  not  constant,  some 
parts  tiring  rapidly  and  failing  to  constrict  after  several  stimulations, 
while  others  continued  with  hardly  diminished  vigor.  The  position 
of  the  latter  was  usually  the  same  in  different  individuals.  A  part  of 
the  vein  about  twenty  millimetres  in  length — just  before  the  vein 
leaves  the  surface  and  passes  between  the  underlying  muscles  to  enter 
the  pelvic  cavity  —  never  contracted  in  any  of  the  rabbits.  This  part 
is  probably  supplied  with  constrictor  fibres  through  some  nerve  other 
than  the  sciatic,  or  else  the  constrictor  fibres  leave  the  sciatic  on  the 
central  side  of  the  point  stimulated. 

The  character  of  the  contraction  admits  no  doubt  that  it  is  caused 
by  the  vasomotor  nervous  mechanism.  Usually  the  change  in  size  is 
considerable,  and  there  is  no  difficulty  in  determining  whether  the 
vein  is  constricted  or  not.  Simple  inspection  of  the  vein,  however, 
cannot  determine  with  certainty  the  smaller  changes  of  calibre  or  the 
exact  time  of  their  beginning.  At  first  an  interrupted  current  that  is 
just  distinct  on  the  tongue  will  usually  decrease  the  diameter  of  the 
vein  one-third,  and  sometimes  will  obliterate  the  lumen  so  that  no 
blood  can  be  seen ;  but  the  venomotor  apparatus  is  soon  tired  and 
then  a  stronger  stimulus  is  necessary  to  produce  a  decided  contrac- 
tion. The  latent  period  is  quite  long,  varying  from  about  ten  to 
twenty  or  even  to  thirty  seconds.  Stronger  and  more  frequent 
induction  shocks  decrease  the  latent  period  and  increase  the  con- 
striction. 

Having  determined  the  presence  of  venomotor  fibres  in  the  sciatic 
nerve,  the  next  step  was  to  trace  them  from  the  spinal  cord.  For 
this  purpose  only  cats  were  used,  as  they  endure  the  operation  much 
better  than  rabbits.  The  animals  were  anaesthetized  with  ether  dur- 
ing the  preparation  of  the  nerves  and  the  vein.  The  stimulation, 
which  was  limited  to  the  peripheral  segment  of  the  nerves,  was  done 
under  curare.  The  characteristic  changes  in  the  vein  occurred 
whether  the  animal  was  completely  or  incompletely  under  the  in- 
fluence of  the  drug,  but  in  order  to  make  sure  that  no  activity  of  the 
voluntary  muscles  was  responsible  for  the  constriction  no  results  were 
considered  as  final  unless  the  curarization  was  complete. 
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The  part  of  the  hind  extremities  the  veins  of  which  have  been  par- 
ticularly examined  in  determining  the  course  of  the  venomotor  fibres 
is  the  lateral  surface  of  the  crus,  and  the  pes.  All  the  veins  in  the 
former  and  most  of  those  in  the  latter  region  have  been  seen  to  con- 
tract at  one  time  or  another.  Since  the  diagonal  vein  in  the  lower 
part  of  the  crus  was  the  most  reliable,  the  majority  of  the  ob- 
servations were  made  in  its  immediate  neighborhood  so  as  to  have 
smaller  and  fewer  cuts  in  the  skin.  The  veins  of  the  thigh  and  the 
medial  surface  of  the  crus  are  apparently  less  sensitive,  for  I  have  as 
yet  not  seen  them  contract ;  but  the  number  of  observations  on  these 
veins  was  small. 

To  determine  the  origin  of  the  venomotor  fibres  from  the  spinal 
cord  the  roots  were  cut  and  the  peripheral  segments  stimulated  within 
the  vertebral  canal.  In  order  to  facilitate  the  operation  both  the 
anterior  and  the  posterior  roots  were  tied  together  outside  the  dura 
mater.  The  cord  was  removed  in  the  region  stimulated  so  that  the 
possibility  of  leakage  of  the  current  to  the  cord  was  excluded.  Neg- 
ative results  were  never  accepted  as  evidence  of  the  absence  of  ven- 
omotor fibres  in  the  nerve  stimulated  unless  the  stimulation  of  some 
other  spinal  nerve,  or  of  the  sciatic,  gave  constriction  of  the  vein  and 
thus  proved  that  the  vasomotor  apparatus  was  in  working  order. 

The  venomotor  fibres  to  the  hind  limb,  as  may  be  seen  from  Table 
I,  may  be  demonstrated  in  the  I  to  IV  lumbar  nerves,  but  in  no  case 
were  they  found  in  more  than  three  of  these  in  any  one  animal,  and 
in  about  half  the  cases  they  were  found  in  only  two  of  the  nerves. 
The  greatest  constriction  in  every  animal  but  one  followed  stimula- 
tion of  the  III  lumbar  nerve.  In  this  exceptional  case,  the  IV  lum- 
bar nerve  was  the  most  efficient.  As  this  was  the  only  instance  in 
which  the  lumbo-sacral  plexus  was  of  Langley's  posterior  type  ^  it 
may  be  that  in  this  type  the  IV  nerve  is  commonly  the  most  effective. 
The  nerves  that  produced  the  most  vigorous  contraction  also  influ- 
enced a  greater  length  of  the  vein.  There  was  no  definite  localiza- 
tion of  the  area  supplied  by  one  nerve,  such  as  was  observed  later 
when  the  gray  rami  communicantes  were  stimulated. 

From  the  spinal  cord  the  venomotor  fibres  enter  the  sympathetic 
system.  It  is  a  priori  probable  that  their  course  is  through  the 
white  rami  of  the  spinal  nerves,  the  stimulation  of  which  produces 
contraction.  The  highest  part  of  the  sympathetic  that  has  given  any 
contraction  of  the  vein  is  immediately  below  the  III  lumbar  ganglion. 

^  Langley  :  Journal  of  physiology,  1894,  xvii,  p.  296. 
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TABLE  1. 


The  limit  below  which  no  venomotor  fibres  enter  the  sympathetic 
cannot  be  determined  with  certainty  because  it  is  masked  by  the 
fibres  descending  the  sympathetic  trunk  from  the  upper  white  rami. 
Thus  the  constriction  obtained  by  stimulation  near  what  should  be 
the  lower  limit  cannot  be  used  as  evidence,  for  it  may  be  the  result 
of  the  stimulation  of  these  descending  fibres  which  have  entered  the 
sympathetic  higher  up. 

From  the  III  to  the  VI  lumbar  ganglion  the  venomotor  fibres  are 
found  in  the  main  trunk  of  the  sympathetic ;  they  have  not  yet  begun 
to  leave  the  sympathetic  by  the  gray  rami.     The  evidence  for  this- 
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consists  in  the  fact  that  the  stimulation  of  any  part  of  the  main  trunk 
of  the  sympathetic  between  the  III  and  the  VI  lumbar  ganglia  was 
always  followed  by  contraction,  when  the  cat  was  in  good  condition, 
and  section  of  the  main  trunk  below  the  point  of  stimulation  always 
prevented  subsequent  contraction.  This  evidence  is  conclusive,  but 
it  may  be  added  that  stimulation  of  the  inferior  mesenteric  ganglia 
or  any  of  the  nerves  connected  with  it  invariably  gave  negative 
results. 

Let  us  now  inquire  by  what  rami  the  venomotor  fibres  leave  the 
sympathetic.  The  results  of  stimulating  the  gray  rami  communi- 
cantes  of  the  spinal  nerves  forming  the  lumbo-sacral  plexus  are 
brought  together  in  Table  II.  The  rami  were  not  stimulated  directly, 
but  the  main  trunk  of  the  sympathetic  was  cut  above  and  below  the 
ganglion  the  ramus  of  which  it  was  desired  to  investigate,  and  stimu- 
lated above  the  ganglion.  In  the  case  of  the  sacral  rami,  however,  it 
was  found  inexpedient  to  cut  the  main  trunk  below  the  ganglia,  so 
that  the  contractions  recorded  stand  not  only  for  these  rami  but  also 
for  any  lower  ones  that  may  contain  venomotor  fibres.  But  on  ac- 
count of  the  general  absence  of  these  fibres  in  the  II  sacral  and  their 
occasional  absence  in  the  I  sacral  ramus  there  is  no  likelihood  of 
their  occurrence  in  any  nerves  below  the  II  sacral.  In  stimulating'the 
II  sacral  the  general  method  was  also  deviated  from  in  another  re- 
spect. Instead  of  cutting  and  stimulating  the  sympathetic  below  the 
I  sacral  ganglion,  which  would  have  been  difficult,  the  nerve  was  first 
stimulated  above  the  I  sacral  ganglion  and  then  its  ramus  severed,  or 
easier  still  the  whole  spinal  nerve  severed,  and  stimulation  repeated 
at  the  same  place. 

It  will  be  seen  from  Table  II  that  the  venomotor  fibres  reach  the 
sciatic  by  the  rami  to  the  VI  and  VII  lumbar  and  the  I  and  II  sacral 
nerves.  In  the  same  animal,  two.  or  more  frequently  three,  rami 
contain  these  fibres,  but  in  no  case  have  they  been  found  in  all  four 
rami.  In  every  case  the  VII  lumbar  ramus  contained  venomotor 
fibres,  while  the  VI  lumbar  and  I  sacral  contained  them  in  about 
eighty-five  per  cent  of  the  cases.  In  one  instance  only  was  the  II 
sacral  found  to  give  a  contraction,  but  here,  although  the  length  of 
vein  influenced  was  but  one  or  two  millimetres,  the  constriction  was 
very  distinct. 

The  most  noticeable  feature  of  the  contractions  obtained  by  stimu- 
lating the  gray  rami  is  their  local  nature.  While  the  constriction 
upon  stimulating  the  sciatic  or  sympathetic  is  several  centimetres  in 
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TABLE  II. 


Rami  to  Lumbar  and  Sacral 


N  umber 
of 

1 

Spinal  Nerves 

Character 
of 

Experiment.        I 

iv 

v 

vi 

•  • 

Vll 

i 

•  • 

11 

Plexus. 

XXII      .     . 

j 
i 

o 

o 

•  • 

•   • 

•   • 

•  • 

Med. 

XXXII      .     . 

•  • 

o 

c* 

CP 

•    • 

Post,  a 

XXXIII      .     . 

•  • 

o 

C-P 

o.> 

•    • 

Ant. 

XXXIV      . 

f 

o 

c* 

CP 

o 

•    • 

Ant. 

XL     .    . 

•  • 

•  • 

•  • 

c 

o 

Post,  a 

XLI      . 

o 

o 

•   • 

•    • 

•    • 

•  • 

Med. 

XLIII      . 

1 

•    • 

c* 

C»P 

c? 

•  • 

Ant. 

XLIV      . 

•    • 

c» 

C«P 

c 

o 

•  •  •  • 

XLV      . 

o? 

c 

C»P 

o.> 

•    • 

Ant. 

XLVI      . 

• 

o 

c* 

C^P 

C'P 

•    • 

Ant.  14  thoracic  vert. 

XLV  II     left 

•  • 

c» 

c* 

o 

•  • 

Post,  a 

XLV  1 1  right 

•    • 

•  • 

•   • 

CP 

•    • 

•  •  •  • 

XLVI II    left 

•    • 

o.> 

CP 

C»P 

c* 

Ant. 

XLVIII  right 

•    • 

o 

c* 

c-p 

CP 

•  •  •  • 

XLIX      .     . 

a     • 

c 

c 

CP 

o 

Post,  a 

L      .     . 

•    • 

c} 

c 

c 

o 

Post,  b 

O  denotes  that  the  ramus  was  stimulated  and  no  contraction  obtained,  although 

the  stimulation  of  other  nerves  produced  contraction.     C  means  that  the  contraction 

was  obtained  by  stimulating  the  ramus  indicated.     Exponents  a,  p,  mean  that  the  an- 

terior or  posterior  veins  only  contracted;  where  no  exponent  is  given,  the  condition  of 

the  cat  was  such  that  the  localization  observed  was  probably  not  significant. 

length,  the  constriction  caused  by  the  stimulation  of  some  of  the 
rami  is  but  a  few  millimetres  long,  and  the  region  affected  by  one 
ramus  is  frequently  different  from  that  affected  by  another.  The 
VII  lumbar  ramus  controls  a  greater  portion  of  the  veins  examined 
than  any  of  the  others,  though  occasionally  the  I  sacral  may  equal 
or  even  exceed  it  in  importance.  The  region  controlled  by  the  VI 
lumbar  ramus  is  almost  invariably  quite  small,  and  is  confined  to  the 
anterior  part  of  the  leg.     The  transition  from  the  contracting  to  the 
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inert  region  is  often  most  abrupt,  so  that  there  is  not  the  least  diffi- 
culty in  tracing  the  distribution  of  the  fibres ;  but  it  may  also  be  so 
gradual  that  it  cannot  be  definitely  located.  When  the  contracting 
regions  are  well  marked  off  from  the  inert  ones  it  can  be  seen  that 
sometimes  the  regions  controlled  by  the  VI  and  VII  rami  overlap, 
and  that  sometimes  one  stops  almost  exactly  where  the  other  begins.^ 
But  probably  more  frequent  than  either  of  these  two  arrangements  is 
the  one  in  which  the  VII  ramus  constricts  the  whole  of  the  region  that 
is  affected,  the  anterior  part  of  the  same  region  being  also  controlled 
by  the  VI  ramus.  The  relations  between  the  VII  lumbar  and  I  sacral 
rami  are  not  so  definite,  though  occasionally  similar  phenomena  are 
observed.  In  fact  all  the  contractions  of  the  posterior  veins  are 
usually  less  definite  and  clear-cut. 

The  constancy  in  the  control  of  the  anterior  veins  by  upper  rami  is 
somewhat  surprising  in  view  of  the  variability  in  other  respects.  The 
only  decided  deviation  from  this  control  was  in  the  II  sacral  ramus 
(Exp.  XLVIII,  left).  Even  in  this  case,  however,  the  other  side  of  the 
same  animal  possessed  the  normal  arrangement. 

The  most  variable  quantity  in  the  whole  process  is  the  size  of  all 
the  regions  that  contract  no  matter  what  nerves  are  stimulated. 
From  a  good  many  cats  no  contraction  at  all  can  be  obtained,  and 
from  this  wholly  negative  result  to  the  condition  in  which  stretches  of 
eight  to  ten  centimetres  contract  strongly  and  uniformly  there  is  every 
gradation  in  the  size  of  the  contracting  region.  Even  in  this  varia- 
bility, however,  there  is  the  constant  feature  that  whenever  there  is  any 
contraction  at  all  it  is  almost  sure  to  occur  at  about  the  middle  of  a 
superficial  vein  on  the  lateral  side  of  the  lower  end  of  the  crus, 
extending  from  the  posterior  edge  of  this  member  diagonally  down- 
wards and  forwards  to  the  upper  extremity  of  the  foot.  When  a 
greater  part  of  the  vein  contracts  it  is  usually  this  same  region  which 
contracts  most  strongly ;  and  it  is  also  to  this  place  that  fibres  from 
both  the  VI  and  VII  rami  are  distributed. 

Another  variable  feature,  which  may  depend  somewhat  upon  the 
one  just  discussed,  is  the  number  and  arrangement  of  the  rami  that 
produce  a  contraction.  A  rather  close  direct  correlation  between 
these  and  the  anterior  or  posterior  arrangement  of  the  plexus  would 
be  expected,  but  Table  II  shows  that  there  is  no  such  correlation,  so 
far  as  the  small  number  of  observations  will  allow  us  to  judge. 

1  In  several  such  cases  I  have  subsequently  stimulated  the  sciatic  and  found 
that  it  caused  contraction  of  both  these  sharply  differentiated  regions. 
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The  whole  path  of  the  venomotor  fibres  from  their  origin  in  the 
spinal  cord  to  their  termination  in  the  veins  of  the  hind  limb  is 
apparently  made  up  of  two  neurons.  The  cell  body  of  one  of  these 
neurons  lies  in  the  spinal  gray  matter;  its  axis-cylinder  process,  as  I 
have  shown,  passes  through  the  anterior  root  of  one  of  the  I,  II,  III, 
or  IV  lumbar  nerves  and  the  corresponding  white  ramus  into  the 
sympathetic  chain,  down  which  it  runs  for  a  certain  distance,  as 
described  above.  The  cell  body  of  the  second  or  peripheral  or  sym- 
pathetic neuron  lies  in  one  of  the  sympathetic  ganglia.  The  position 
of  these  ganglia  was  determined  by  Langley's  nicotine  method. 
After  painting  the  III,  IV,  and  V  sympathetic  ganglia,  the  stimulation 
of  the  pre-ganglionic  fibres  still  causes  constriction  of  the  veins.  The 
peripheral  nerve  cells  are  consequently  not  in  these  ganglia.  Paint- 
ing the  VI  and  VII  ganglia,  however,  renders  the  stimulation  of  pre- 
ganglionic fibres  ineffective  —  the  veins  do  not  constrict.  It  is  in  one 
or  both  of  these  ganglia,  then,  that  the  peripheral  venomotor  neurons 
for  the  veins  examined  have  their  cells  of  origin,  and  it  is  here  that 
the  axis-cylinder  process  of  the  spinal  venomotor  neufon  ends.  This 
at  least  is  true  of  all  the  cases  I  have  examined,  but  it  is  possible  that 
in  Langley's  more  posterior  types  of  the  plexus  some  peripheral 
neuron  cells  may  lie  in  the  I  and  II  sacral  ganglia.  This  is  suggested 
by  the  course  of  the  post-ganglionic  fibres. 

The  post-ganglionic  fibres  usually  leave  the  sympathetic  by  the 
gray  ramus  immediately  below  the  ganglion  in  which  their  cells  of 
origin  are  situated.  Thus  when  the  sympathetic  trunk  is  cut  both 
above  and  below  either  the  VI  or  the  VII  lumbar  ganglion,  the  stimu- 
lation of  the  pre-ganglionic  fibres  between  the  section  and  the  gan- 
glion causes  constriction.  When,  however,  the  ganglion  is  painted  with 
nicotine  the  stimulation  is  usually,  but  not  always,  ineffective.  This 
shows  that  the  cells  of  the  distal  venomotor  neurons  are  usually  in 
the  ganglion  just  above  the  ramus  through  which  the  fibres  leave  the 
sympathetic,  but  that  occasionally  they  are  located  in  a  ganglion 
higher  up.  Since  it  has  already  been  shown  that  stimulation  of  the 
I  sacral  gray  ramus  usually,  and  of  the  II  exceptionally,  causes  con- 
striction, and  since,  as  has  just  been  pointed  out,  the  cells  of  origin  of 
post-ganglionic  fibres  are  usually  situated  in  the  ganglion  immediately 
above  the  gray  ramus  in  which  they  are  contained,  it  follows  that 
peripheral  neuron  cells  may  be  situated  in  the  I  and  II  sacral  ganglia, 
although  I  have  not  been  able  to  demonstrate  them  with  the  nicotine 
method. 
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In  general  the  arrangement  of  the  venomotor  nerves  here  described 
corresponds  to  that  of  the  arterial  vasomotor  and  sweat  fibres  of  the 
hind  limb.^  The  location  of  the  ganglion  cells  and  the  course  of  the 
fibres  through  the  gray  rami  is  the  same  as  that  of  the  arterial  vaso- 
motor fibres,  except  that  the  stimulation  of  the  II  sacral  ramus  does 
not  usually  produce  a  contraction  of  the  veins;  but  on  the  other 
hand  the  origin  of  the  venomotor  fibres  from  the  spinal  cord  is  more 
restricted.  Bayliss  and  Bradford,^  experimenting  on  the  dog,  found 
vasomotor  fibres  in  the  XI  thoracic  to  the  III  lumbar  spinal  nerves, 
and  Langley,  who  used  cats,  found  them  in  the  XII  thoracic  to  the  IV 
lumbar,  whereas  I  have  found  them  only  in  the  I  to  IV  lumbar  nerves 
and  have  obtained  the  maximum  effect  from  the  III  lumbar.  It  is 
evident,  therefore,  that  the  fibres  to  the  superficial  veins  of  the  hind 
limb  originate  from  the  lower  end  of  the  region  supplying  all  the 
vasomotor  nerves  for  that  member. 

In  conclusion  I  wish  to  express  my  thanks  to  Dr.  W.  T.  Porter,  at 
whose  instance  this  work  was  undertaken  and  under  whose  direction 
it  was  carried  on. 

^  Compare  Langley:  Journal  of  physiology,  1891,  xii,  p.  347;  ibid,^  1891,  xii, 
P*  375;  ibid.y  1894,  xvii,  p.  296. 

*  Bayuss  and  Bradford:  Journal  of  physiology,  1894,  xvi,  p.  10. 
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THE  well-known  experiments  of  Gaskell  and  Engelmann  have 
convinced  a  great  number  of  physiologists  that  the  regular 
sequence  with  which  the  several  parts  of  the  heart  contract  is  depend- 
ent on  the  periodic  discharge  by  the  sinus  of  an  impulse  to  contrac- 
tion, and  the  transmission  of  this  impulse  to  the  auricle  and  ventricle.^ 
It  has  been  demonstrated  that  the  excitation  process,  measured  by 

*  For  the  literature  concerning  the  transmission  of  the  cardiac  excitation  wave 
the  reader  is  referred  to  Bayliss  and  Starling:  Intemat.  Monatshefte  f.  Anat. 
u.  Physiol.,  1892,  ix,  p.  256 ;  also  Journal  of  physiolog>%  1892,  xiii,  p.  407. 
Burdon-Saxderson  and  Page:  Journal  of  physiology,  1879-80,  ii,  p.  384. 
Engelmann:  Archiv  f.  d.  ges.  Physiol.,  1875,  xi,  p.  465.  Ibid.,  1878,  xvii,  p.  68; 
Ibid.,  1894,  Ivi,  p.  149.  Ibid.,  1896,  Ixii,  p.  543.  Ibid..  1896,  Ixv,  p.  109.  Fano  : 
Archiv  ital.  de  biologic,  1890,  xiii,  p.  387.  Gaskell,  Journal  of  physiology,  1883, 
iv,  p.  43-  McWiLLiAM:  Journal  of  physiology.  1886,  vi,  p.  226.  Ibid.,  1888,  ix, 
P-  345-  Marchand:  Archiv  f.  d.  ges.  Physiol.,  1877,  xv,  p.  511.  Waller: 
Philosophical  transactions,  1889.  clxxx,  p.  169.  Waller  and  Reid  :  Philosophi- 
cal transactions,  1887,  clxxiii,  p.  215. 
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the  action  current,  passes  as  a  wave  over  the  auricle  and  ventricle, 
and  that  this  excitation  wave  may  be  delayed  in  its  course  by  various 
artificial  hindrances  or  by  the  stimulation  of  the  vagus  nerve.  It  has 
been  demonstrated  further  that  the  normal  interval  between  the 
contraction  of  the  sinus  and  auricle,  and  the  auricle  and  ventricle, 
can  be  increased  by  the  stimulation  of  the  vagi  or  by  the  same  arti- 
ficial means  that  delay  the  excitation  wave  in  its  course  within  the 
auricle  and  ventricle.  Upon  these  facts  the  assumption  is  based  that 
the  interval  between  the  contraction  of  the  several  parts  of  the  heart 
is  due  to  the  delay  of  the  excitation  wave  by  poorly  conducting 
structures  uniting  these  parts.  The  lengthening  of  the  interval  by 
vagus  excitation  is  explained  by  a  partial  blocking  of  the  excitation 
wave  at  the  sino-auricular  or  auriculo-ventricular  junction.  When 
the  block  is  sufficiently  complete,  the  excitation  wave  is  wholly 
arrested  and  the  part  of  the  heart  between  the  block  and  the  apex 
ceases  to  beat  until  the  block  is  removed.  Irregularities  in  rhythm 
and  the  periodic  grouping  of  beats  have  also  been  explained  by  vari- 
»ations  in  the  conducting  power. 

Such  are  the  main  outlines  of  the  theory  of  the  heart-beat  devel- 
oped by  Gaskell,  Engelmann,  and  others. 

When  the  experimental  basis  of  this  theory  is  examined,  it  is  found 
that  while  the  propositions  just  enumerated  cannot,  in  my  judgment, 
be  denied,  they  rest  as  yet  on  methods  and  observations  that  are 
incomplete  in  several  important  respects.  Thus  the  influence  of  the 
vagus  nerve  on  the  passage  of  the  cardiac  excitation  wave  was  studied 
by  Gaskell  chiefly  in  the  tortoise.  It  is  desirable  that  these  phe- 
nomena be  systematically  investigated  also  in  the  frog,  the  classical 
experimental  animal.  Again,  Gaskell  did  not  maintain  the  normal 
nutrition  of  the  heart;  indeed,  the  heart  was  usually  wholly  removed 
from  the  body.  To  this  abnormal  nutrition  is  to  be  ascribed  the  fact 
that  my  own  observations,  both  in  the  present  work,  begun  in  1896 
in  the  laboratory  of  Professor  Engelmann  in  Utrecht,  and  in  my 
former  research  on  the  reflexes  obtained  by  stimulating  the  frog's 
ventricle,^  differ  from  those  of  Gaskell  in  several  important  respects. 
For  example,  I  find  that  the  vagus  lessens  the  force  of  the  ventricular 
beat  in  the  frog,  as  Gaskell  states,^  only  when  the  frog  is  bled,  or  the 
normal  state  otherwise  impaired.  Finally,  Gaskell  has  not  apparently 
systematically  recorded  in  a  large  number  of  animals  simultaneous 

^  MusKENs:  Archivf.  d.  ges.  Physiol.,  1897,  Ixvi,  p.  328. 
^  Gaskell:  Journal  of  physiology,  1883,  iv,  p.  88. 
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curves  of  the  movements  of  the  sinus,  auricle,  and  ventricle  in  such 
a  way  that  the  interval  between  the  contractions  of  the  sinus  and 
auricle  could  be  accurately  measured.  The  lack  of  systematic 
records  of  the  movements  of  the  sinus  obviously  precludes  the  study 
of  details  which  have  an  important  bearing  on  the  theory  of  the 
heart-beat.  Engclmann,  on  the  other  hand,  has  not  especially  studied 
the  action  of  the  vagus  in  the  light  of  this  theory. 

For  these  reasons  it  has  seemed  best  to  submit  the  action  of  the 
vagus  on  the  heart,  as  well  as  certain  indissolubly  connected  problems, 
to  a  fresh  analysis,  using  for  this  purpose  methods  free  from  the 
objections  which  can  be  urged  against  much  of  the  work  of  previous 
observers.  The  fruits  of  this  inquiry  will  assist,  I  trust,  in  establish- 
ing still  more  firmly  the  views  set  forth  above,  and  will  show  that  the 
various  actions  of  the  vagus  nerve  upon  the  heart  can  all  be  explained 
by  changes  in  the  conducting  power. 

I.    Methods  of  Investigation. 

I.  The  stimulation  of  the  vagus.  —  The  methods  by  which  the  vagus 
nerve  has  been  stimulated  in  systematic  researches  on  animals  are  alike 
in  that  they  all  require  the  preparation  of  the  nerve  by  a  dissection 
often  long  and  difficult.  Even  in  the  hands  of  a  skilful  experimenter 
the  operation  can  hardly  be  performed  without  some  loss  of  blood, 
and  this  interference  with  the  circulation,  as  will  be  presently  demon- 
strated, affects  the  action  of  the  vagus  nerve  upon  the  frog's  heart  to 
an  extent  hitherto  unsuspected.^  The  usual  method  of  stimulation 
therefore  is  of  little  value  for  the  careful  analysis  of  the  action  of  the 
vagus  nerve  upon  the  heart  of  the  animal  in  which  this  action  can  be 
most  satisfactorily  studied. 

Another  though  less  important  defect  is  that  the  two  vagi  often 
differ  considerably  in  their  influence  over  the  heart  even  in  the  same 
animal.  This  difficulty  may  be  overcome  by  the  excitation  of  both 
nerves  simultaneously,  but  the  preparation  of  both  nerves  involves  a 
greater  injury  than  the  preparation  of  one,  and  consequently  a  greater 
impairment  of  the  nutrition  of  the  heart,  upon  the  full  preservation 
of  which  depends  the  normal  action  of  the  nerve. 

It  is  plain,  then,  that  for  careful  work  the  usual  means  of  vagus 
stimulation  in  the  frog  must  be  abandoned,  and  a  method  found  that 
does  not  require  dissection  and  that  can  be  employed  for  both  nerves 
at  the  same  time.     Such  a  method  will  be  now  described. 

^  Compare  Exgelmann:  Archiv  f.  d.  ges.  Physiol.,  1894,  Ivi,  p.  166. 
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Soon  after  leaving  the  cranial  cavity  the  vagus  nerve  in  the  frog 
passes  across  the  levator  anguli  scapulae  superioris  muscle  and  touches 
the  cartilaginous  capsule  which  contains  the  middle  ear.  The  nerves 
may  here  be  approached  from  the  inside  of  the  mouth  with  electrodes 
adapted  to  the  local  conditions.  If  such  electrodes  are  pressed  gently 
against  the  posterior  margins  of  the  Eustachian  tubes,  a  weak  current 
will  produce  in  an  irritable  frog  a  strongly  marked  vagus  action  upon 
the  heart.  Not  infrequently  the  stimulation  is  still  more  effective 
when  the  electrode  is  placed  outside  the  cartilage  ring  which  supports 
the  Eustachian  tube.  The  electrodes  employed  (Fig.  i)  were  made 
of  copper  wire  insulated  by  a  block  of  hard  rubber  and  by  rubber 
tubes.  The  terminals  were  of  lead.  The  lead  terminal  pressed  with 
a  certain  slight  force  against  the  mucous  membrane,  thus  making  a 
better  contact  and  assisting  to  im- 
mobilize the  frog.  For  the  smaller 
species  of  frog  (R.  temporaria,  R. 
esculenta,  R.  palustris,  etc.)  the 
electrode  should  be  one  or  two  mil- 
limetres in  diameter;  for  R.  cates- 
beiana  three  or  four  millimetres.  • 

It  may  be  objected  that  the  part 
of  the  medulla  oblongata  lying 
between  the  two  electrodes  is  stim- 
ulated by  this  method,  and  not  the 

vagus  nerve  itself.  This  objection  F'^-^^RE  i.  Electrodes  for  the  stimulation 
.  ,    ,         ,       r  11       •  of  both  vagi  near  the  middle  ear.    About 

IS  answered  by  the  following  ex-       ^„^  ^^^^  ^^^  ^^^^^  ^.^^ 
periment.      The    electrodes    were 

applied  in  the  manner  above  described  and  the  minimal  stimulation 
by  which  arrest  of  the  heart  could  be  produced  was  determined. 
The  whole  central  nervous  system  was  then  thoroughly  destroyed, 
care  being  taken  not  to  displace  the  electrodes.  As  is  ahvays 
observed  after  the  destruction  of  the  vagus  nuclei,  the  heart  was 
arrested  from  two  to  four  minutes.  After  the  return  of  the  heart-beat 
arrest  could  still  be  caused  by  vagus  stimulation  with  the  previous 
strength  of  current  Occasionally  the  arrest  was  more  pronounced 
after  the  brain  and  cord  were  destroyed  than  before.  This  experi- 
ment was  done  in  curarized  and  non-curarized  Rana  catesbeiana  and 
R.  palustris. 

It  may  further  be  objected  that  the  arrest  is  due  to  the  escape  of 
current  to  the  heart  itself.     This  objection  is  deprived  of  its  force  by 
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the  observation  that  the  eflfect  of  vagus  excitation  was  not  dimin- 
ished by  increasing  the  distance  between  the  point  of  stimulation  and 
the  heart.  On  placing  glass  tubes  i8  to  20  millimetres  in  diameter 
in  the  mouth  and  oesophagus  of  several  R.  catesbeiana  the  linear  dis- 
tance from  the  heart-root  to  the  stimulating  points  exceeded  twenty 
millimetres.  The  effects  of  stimulating  such  a  preparation  are 
usually  more  marked  than  when  the  oesophagus  is  not  distended ;  the 
nerves  are  apparently  rendered  more  irritable  by  being  stretched 
over  the  glass  tube.  Additional  evidence  against  the  escape  of  cur- 
rent was  secured  by  laying  the  nerve  of  an  irritable  nerve-muscle 
preparation  upon  the  heart.  Had  the  very  weak  stimulating  current 
employed  reached  the  heart,  the  gastrocnemius  muscle  must  have  con- 
tracted, yet  no  contraction  occurred.  Finally,  in  two  R.  catesbeiana 
very  effective  vagus  excitations  were  produced  when  the  secondary 
coil  of  the  inductorium  was  at  80  and  100  millimetres  from  the  primary. 
Then  both  vagi  were  cut.  On  repeating  the  stimulation  no  vagus  effects 
could  be  observed  even  with  induction  currents  of  maximal  force. 

Still  another  criticism  may  be  made.  It  may  be  said  that  the 
vagus  effects  observed  were  not  the  result  of  a  direct  but  of  a  reflex 
excitation  of  the  vagi,  similar  to  the  reflex  excitation  obtained  by 
Goltz  on  striking  the  intestines.  A  sufficient  answer  to  this  has 
already  been  given  in  the  observation  that  the  vagus  effect  could  be 
secured  after  the  destruction  of  the  cord  and  brain.  It  may  be  added 
that  the  latent  period  in  direct  stimulation  of  the  nerve  is  markedly 
shorter  than  the  reflex  time,  as  determined  for  example  by  Engel- 
mann  and  myself  for  the  reflex  from  the  stomach  upon  the  heart 
(two  to  three  seconds). 

The  last  objection  which  occurs  to  me  is  that  the  stimulation  by 
my  method  affects  not  merely  the  vagi  but  adjacent  nerves  as  well, 
for  example,  the  sympathetic.  This  is  indeed  the  case,  but  it  should 
be  remembered  that  sympathetic  fibres  join  the  vagus  trunk  im- 
mediately after  it  pierces  the  skull.  This  objection  can  therefore  be 
made  against  any  method  of  vagus  stimulation,  except  the  intra- 
cranial one,  which  cannot  be  employed  for  the  studies  we  are  now 
making  because  the  formidable  operation  which  it  requires  disturbs 
the  normal  influence  of  the  vagi  upon  the  heart. 

2.  The  method  of  recording  contractionB.  — The  movements  of  the 
cold-blooded  heart  may  be  recorded  best  by  the  so-called  suspension 
method  of  Gaskell  ^  modified  by  Engelmann.     Engelmann's  modi- 

*  Gaskell  :  Journal  of  physiology,  1883,  iv,  p.  43. 
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fication  has  important  advantages:  it  does  not  interfere  with  the 
circulation  of  the  blood;  and  it  has  been  thoroughly  studied  with 
regard  to  its  details.  In  the  suspension  method  as  employed  by 
Engelmann  the  point  of  the  ventricle  in  situ  is  pierced  by  a  pin  bent 
at  an  angle,  and  the  pin  is  connected  to  the  short  arm  of  a  light 
counterpoised  lever.  However  rough  it  may  seem  superficially,  the 
harmlessness  and  effectiveness  of  this  suspension  have  been  fully 
proved.^ 

For  the  present  inquiry  into  the  influence  of  the  vagus  on  the  con- 
traction interval  it  was  evidently  necessary  to  record  as  precisely  as 
possible  the  time  elapsing  between  the  beginning  of  the  auricular  and 
the  beginning  of  the  ventricular  contraction.  The  suspension  of  the 
ventricle  alone  has  the  disadvantage  that  the  deepest  point  in  the 
curve  does  not  coincide  exactly  with  the  beginning  of  the  contraction 
of  the  auricle,*  as  can  be  seen  in  Engelmann's  Fig.  5.  In  a  great 
number  of  my  experiments,  therefore,  the  ventricle  and  auricle  were 
suspended  separately  each  to  its  own  lever.  By  this  procedure  the 
auricular  lever  may  be  made  to  write  the  contractions  of  the  sinus  as 
well  as  the  auricle.  In  the  American  bull-frog,  which  not  infrequently 
attains  the  length  of  fifteen  inches,  the  conditions  for  the  record  of 
the  contractions  of  the  sinus,  auricle,  and  ventricle  are  very  favorable 
indeed.  After  some  experience  contraction  curves  ten  millimetres 
and  more  in  height  can  be  obtained  from  the  sinus  or  one  of  the  large 
veins.  An  extremely  light  lever  with  a  very  fine  writing  point  is 
needed.  Very  often  the  movements  of  that  part  of  the  auricle  which 
is  closely  connected  with  the  sinus  superimposes  a  catacrotic  ele- 
vation on  the  sinus  curve.  This  is,  however,  not  an  imperfection  of 
method;  on  the  contrary,  it  permits  occasionally  a  more  exact 
measurement  of  the  interval  between  the  beginning  of  the  contrac- 
tion of  that  part  of  the  sinus  which  is  suspended  and  the  beginning 
of  the  contraction  of  the  corresponding  region  of  the  auricle. 

The  greatest  care  should  be  taken  not  to  injure  the  delicate  mus- 
cular walls  of  the  veins.  The  suspension  clamp,  made  of  German 
silver  wire  in  the  shape  of  a  serre-finc,  must  not  be  allowed  to  include 

^  Engelmann  :  Archiv  £.  d.  ges.  Physiol.,  1892,  Hi,  p.  357. 

2  This  imperfection  can  be  remedied  to  a  great  extent  by  making  the  heart  con- 
tract more  slowly.  A  test  tube  filled  with  ice  and  placed  in  the  oesophagus  will 
accomplish  this  by  cooling  the  sinus.  An  additional  advantage  is  thus  secured, 
for  the  whole  heart  is  raised  upwards  and  the  suspension  of  its  various  portions 
greatly  facilitated. 
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a  slip  of  the  pericardial  membrane.     In  all  cases  the  pericardium  is 
to  be  removed  as  far  as  possible  before  suspending. 

3.  The  preparation  of  the  experimental  animal. " —  The  immobilization 
requires  great  care.  Destruction  of  the  brain  cannot  be  thought  of; 
in  the  first  place  this  operation  cannot  be  done  without  an  abundant 
extravasation  in  the  brain  cavity  and  the  spinal  canal,  which,  as  will  be 
seen,  disturbs  the  normal  action  of  the  vagus  upon  the  heart;  in  the 
second  place  the  rough  operation  gives  rise  to  countless  efferent  im- 
pulses, which  cannot  fail  to  exert  an  important  influence  upon  so  sensi- 
tive an  organ  as  the  heart.  Ordinary  doses  of  curare  are  also  excluded. 
Curare  administered  in  an  amount  sufficient  to  paralyze  the  voluntary 
muscles  diminishes  the  reflex  irritability  and  also  the  effectiveness  of 
the  vagus  stimulation  upon  the  heart.  The  most  satisfactory  manner 
of  preparing  the  frog  is  to  give  an  almost  homoeopathic  dose  of  curare 
twelve  to  twenty  hours  before  the  experiment.  The  dose  (which  is 
to  be  determined  for  every  one  per  cent  curare  solution  used)  is 
about  .01  cubic  millimetre.  As  a  matter  of  course  the  larger  animals 
need  more  of  the  poison  than  do  the  smaller  ones.  It  can  be  given 
by  a  syringe  subcutaneously,  or  be  injected  by  a  pipette  into  the 
dorsal  lymph-sack.  The  drug  administered  in  this  manner  has  sim- 
ply a  restraining  effect  upon  the  voluntary  movements.  Within 
twenty-four  hours  the  animal  is  generally  perfectly  restored.  If  the 
curare  has  totally  paralyzed  the  animal  in  one  hour,  the  chance  for 
good  results  is  already  decreased. 

The  irritability  of  the  experimental  animals  is  a  very  variable 
factor.  Especially  is  this  true  of  the  frog.  In  some  seasons  (spring) 
it  may  happen  that  the  excitation  of  the  vagi  has  a  pronounced 
effect  on  the  heart  in  almost  every  frog,  while  at  other  times  only 
one  animal  in  ten  or  twenty  may  possess  sufficient  irritability.  It 
was  sometimes  possible  to  increase  the  irritability  of  the  frogs  by 
leaving  them  over  night  with  exposed  intestines  in  the  moist  chamber. 
The  best  test  of  a  sufficient  irritability  is  the  occurrence  of  spontane- 
ous arrest  of  the  heart.  This  is  often  seen  in  fresh  irritable  frogs. 
Thus  in  slightly  curarized  animals  movements  of  the  limbs  having  the 
character  of  a  movement  of  escape  will  take  place,  without  any  dis- 
coverable reason ;  a  latent  period  follows  and  then  arrest  of  the  heart. 
Such  arrest  is  often  seen  to  recur  in  regular  intervals  of  two  or  three 
minutes. 

This  spontaneous  —  I  dare  say  physiological  —  arrest  gave  me  an 
indication  of  what  character  and  what  duration  artificially  produced 
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arrest  ought  to  be.  The  best  arrest  I  hold  to  be  that  obtained  with 
■currents  of  minimal  intensity  and  duration. 

The  vagi,  or  their  terminations  in  the  heart,  are  very  soon  fatigued. 
A  rest  of  at  least  two  minutes  between  successive  stimulations  is 
necessary. 

The  heart  is  to  be  kept  moist.  Very  useful  for  this  is  a  physiologi- 
cal gelatine  solution  (5  grams  of  gelatine  dissolved  with  the  aid  of 
heat  in  300  grams  of  normal  saline  solution). 

II.  The  Effect  of  Vagus  Excitation  on  the  Interval 
between  the  contraction  of  the  several  parts  of  the 
Heart. 

I.  The  auriculo-ventricular  interval.  —  The  interval  between  the  con- 
tractions of  the  auricle  and  ventricle  is  usually  prolonged  when  the 
vagi  are  stimulated.  Sometimes,  however,  especially  with  very  weak 
currents,  the  duration  of  the  interval  is  not  affected,  although  the 
force  of  the  auricular  systole  is  diminished.     This  is  in  fact  a  most 
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Figure  2.  Four-fifths  the  original  size.  The  uppermost  curve  records  the  movements 
of  the  ventricle  (R.  temporaria) ;  the  second  curve,  the  movements  of  the  auricle. 
The  elevation  in  the  third  curve  marks  a  reflex  stimulation  from  the  stomach  (tetaniza- 
tion).    The  fourth  curve  was  written  by  a  tuning  fork  swinging  10  times  a  second. 

<:ommon  effect  of  weak  vagus  stimulation.  In  Fig.  2  the  intervals 
are  43,  43,  42,  43,  61,  63,  69,  73,  ^,  52,  and  46  hundredths  second, 
reading  from  left  to  right.  As  a  rule  the  increase  reaches  its  maxi- 
mum rapidly  and  then  slowly  decreases.  A  second  maximal  value 
is  often  observed  as  an  after  effect. 

Figure  3  is  an  example  of  the  effect  of  a  stronger  vagus  excitation. 
The  height  of  contraction  is  diminished  in  the  first  auricular  systole 
after  the  stimulation,  but  no  measurable  increase  in  the  auriculo-ven- 
tricular interval  is  observed  until  the  next  cardiac  cycle.  Then  the 
interval,  which  had  been  39,  40,  40,  40,  increases  to  63  hundredths 
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second.     The  ventricle  "then  loses  one  beat, 

while  only  a  slight  elevation  in  the  auricular 

curve   gives   evidence   of  the   systole   of   the 

auricle.     In  the  next  cycle  also  the  ventricle 

does  not  beat,  but  the  vagus  influence  is  al- 

^     ready  waning,  for  the  force  of  auricular  systole 

I     is  observed   to   increase.      In  the  next  cycle 

"     the  ventricle  itself  contracts  again,  the  auriculo- 

S     ventricular  interval  is  still  prolonged,  being  0.5 1 

0  sec.  Gradually  the  normal  interval  and  the 
.5     normal  force  of  auricular  systole  is  restored. 

-I  Under  still  more  powerful  vagus  excitation 

u  the  auricular  systoles  become  too  small  to  be 

"Z  recorded.     The  first  cycle  after  the  so-called 

^  arrest  is  in  such  cases  often  incomplete.     The 

g-  ventricle  beats,  but  the  auricular  contraction 

a  remains  invisible,  appearing  first  in  the  next 

«■■  cycle;  or  the  auricular   contractions   become 

^  visible  again,  while  the  ventricular  contractions 

^  do  not  yet  appear.     The  effect  of  powerful 

1  vagus  excitation  on  the  auriculo-ventricular 
S  interval  is  shown  in  the  accompanying  table. 
f  This    table   will    serve    also   to    illustrate   the 

method  of  collecting  the  data  on  which  the 
■5  conclusions  in  this  paper  rest.  A  very  large 
"3  number  of  such  measurements  were  made, 
!e"  Space  does  not  permit  their  presentation  in 
°  full;  and  indeed  their  full  presentation  is  un- 
-  necessary,  for  they  only  confirm  the  conclusion 
%  that  any  one  must  draw  from  an  inspection  of 
J     the  curves. 

^         The   division  of  the  vagus  action   into  the 

^    three  degrees  described  above  is  one  of  con- 

«     vcnience  merely.     There  is  no  essential  difl'er- 

I     ence  between  them.     For  the  first  and  second 

^     degrees   the   curves  demonstrate  clearly  that 

the  influence  of  the  vagus  on  the  length  of 

the    auriculo-ventricular    interval     is    of    the 

greatest    importance.      In    the    third    degree 

the  ventricular  beat  is  lost  and  the  auricular 
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contractions  arc  too  small  to  be  recorded;  hence  we  cannot  measure 
the  contraction  interval;  it  is,  however,  certainly  prolonged.  In  the 
theoretical  part  of  this  paper,  1  shall  point  out  how  probable  is  the 
view  that  the  apparent  arrest  of  the  ventricle  is  not  really  an  arrest 
but  a  failure  to  be  excited  to  contract,  in  consequence  of  the  blocking 
of  the  excitation  wave  on  its  way  from  the  sinus  to  the  ventricle  by 
the  action  of  the  vagus. 


2.  Th«  slno'Kurloalar  luterral.  —  In  a  second  series  of  experiments 
the  ventricle  and  auricle  were  again  separately  suspended,  but  the 
auricular  suspension  hook  was  so  placed  that  the  contractions  of  the 
sinus  as  welt  as  the  auricle  appeared  in  the  curve,  thus  affording 
the  means  for  an  analysis  of  the  interval  between  the  contractions  of 
the  sinus  and  the  auricle  as  well  as  that  between  the  contractions 
of  the  auricle  and  ventricle.  Fig.  4  is  an  example.  In  this  figure 
the  points  at  which  the  contractions  of  the  sinus,  auricle,  and  ventricle 
begin  are  indicated  by  the  first,  second,  and  third  vertical  lines, 
respectively.  The  fourth  and  fifth  lines  mark  the  beginning  of  sinus 
and  ventricle  contraction  in  another  period.  The  sinus  continues  to 
beat  notwithstanding  the  vagus  excitation,  but  is  much  reduced  in 
force,  being  in  the  gth  cycle  scarcely  visible.  The  force  of  the 
auricle  diminishes  sooner  —  in  the  4th  cycle;  and  in  the  5th,  6th, 
7th,  8th,  and  perhaps  the  9th,  no  auricular  systole  can  be  seen.     In 
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■g  =  the  lOth  cycle  the  contraction  of  the  auricle 

«  I  is  again  visible  in  the  curve  and  thereafter 

■5  ^  the  force  of  contraction  is  slowly  regained. 

X  ~  The  si  no-auricular  interval  cannot  be  meas- 

"S  ai.s  ured   here  directly,  because  the  auricular 

%>  %  contractions  are  not  recorded,  but  the  in- 

^  3  -^  crease  in  the  interval  may  be  demonstrated 

S  8  i  by  the   increase  in  the   interval   between 

«  u  *  the  contractions  of  the  sinus  and  that  of 

-  2.  a  the  ventricle.     If  it  is   urged  that  this  is 

!5  ^  ^  not  a  rigid  proof,  because  the  lengthening 

g  ;;  3  of  the  sino-ventricular  interval  may  be  due 

u  S  g  simply  to  the  lengthening  of  the  auriculo- 

,!!  2  a  ventricular  interval,  the  measurements  in 

g  u  ^  Table    II,   3    and   4,  will    be   a   sufficient 

■s  "  0  answer.      These    cases    are    from    experi- 

S  2  o  ments,  in  which  the  auricular  contraction, 

8^S  though   reduced  in   height,  was  still   suf- 

.S  >  2  ficiently  visible  to  make  the  identification 

.a  ■£  «  of  its  beginning-point  possible.      The  in- 

8  ^  ^  terval  between  sinus  systole  and  auricular 

„  -2  IE  systole  is  considerably  increased  in  case  4. 

S  =  3  The  vagus  therefore  possesses  the  power  of 

S  ^  i  lengthening  the  si  no-auricular  as  well  as  the 

I  g  Q.  auriculo-ventricular  contraction  interval. 

\t  ^  The   lengthening   of   these   contraction 

«  ■£  M  intervals   may  be  regarded   as   the  usual 

^  j3  ^  result  of  vagus  excitation.     It  is,  however, 

^  g  ■«  not  the  invariable  result.     The  contraction 

3  >  —  interval  is  sometimes  decreased.     It  may 

-S  3  u  even  be  decreased  between  sinus  and  auri- 

■g  [2  6  cle,  and  at  the  same  time  increased  between 

£  I  .c  auricle  and  ventricle,  as  shown  in  Fig.  5,  or 

^  -  ^  the  reversed  effect  maybe  observed.    The 

■?  '^  -c  uppermost  curve  in  this  figure  shows  the 

^  '-  8  contractions  of  the  auricle  and  ventricle, 

^  -  ^  the   lowermost  curve  those  of  the  sinus, 

^■g^  The  sino-auricular  intervals  from   left   to 

all  '■'ght   are    72,    72,    70,    48,    70,    and    68 

^  hundredths    second,   while    the    auriculo- 
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ventricular  intervals  are  42, 
44.  42.  50,  46,  and  48  hun- 
dredths  seconds  (see  Table 

II,  t  and  2). 
3.  Tb«  interral  between  the 

oontraoUoDfl  of  the  different 
pari*  of  the  ainoa.  —  Not  only 
may  the  intervals  between  the 
contraction  of  the  main  ana- 
tomical divisions  of  the  heart, 
namely,  the  sinus,  auricle,  and 
ventricle,  be  altered  by  vagus  jb 

influence,  but  the  interval 
between  the  contractions  of 
different  parts  of  the  sinus  as 
well.  Evidence  will  be  pre- 
sented later  (Fig.  9)  to  show 
that  different  parts  of  the 
sinus  may  be  dissociated  by 
vagus  excitation,  so  that  they 
beat   at   different   times   and  I         ^ 

not  practically  together  as 
they  ordinarily  do.  The  im- 
portant  bearing  of  this   dis-  *™         ^ 

sociation  will  be  discussed  in 
section  V. 

III.  The  Influence  of  the 

Vagus    Nerve    on    the  _ 

Force   of  the    Heart- 

Beat.  B     g 

I.    Od  the  foice  of  the  ven<  H 

trlole.  —  The  vagus  is  said  by  m 

Coats,'  Heidenhain.'Gaskell," 
Hofmeister,*   and    others,   to 

'  Coats  :   Beriehte  d.  k.  Sachs.  Gesellsch.   d,  Wissensch.,  math.-phys.    CI., 
1869,  p.  370. 

'  Heidenhain  :  Archiv  f.  d.  ges.  Physiol.,  1882.  xxvii,  p.  395. 

'  Gaskell  :  Journal  of  physiology,  1883,  iv,  p.  88. 

'  HoFMEiSTER  ■  Archiv  f.  d.  ges.  Physiol.,  1889,  xliv,  p.  420. 
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FiGURl  5.  Four-sevenths  the  orisinal  size.  The  uppermost  curve  records  the  contrac- 
tiuna  of  Ihc  auricle  and  Ytntriclej  the  fall  in  the  next  curve  marks  the  duration  of 
vagus  excitation ;  the  third  curve  gives  the  linm  in  fifths  of  seconds ;  and  the  lower- 
most curve  records  the  contractiona  of  the  sinus  (vena  cava  superior  sinistra). 

lessen  the  force  of  ventricular  contraction  in  the  frog.  All  these 
investigators  employed  the  excised  heart  or  prepared  the  vagi  without 
especial  regard  to  the  loss  of  blood.  My  work  with  both  Dutch  and 
American  frogs  has  shown  that  the  loss  even  of  a  little  blood  alters 
the  action  of  the  vagus  on  the  force  of  ventricular  contraction.  Under 
normal  conditions  of  nutrition  I  find  among  thousands  of  records 
from  four  diiTerent  species  of  Rana,  not  one  in  which  vagus  excitation 
diminishes  the  force  in  the  manner  described  by  these  authors.^  The 
ventricle,  it  is  true,  may  be  arrested  altogether,  but  this,  according  to 
the  hypothesis  to  be  presently  discussed,  is  not  the  result  of  a  reduc- 
tion in  force  to  the  point  at  which  a  contraction  is  no  longer  pos- 
sible, but  the  failure  of  the  excitation  wave  to  reach  the  contractile 
substance.  Sometimes  the  height  of  one  or  more  ventricular  systoles 
after  the  so-called  arrest  is  found  to  be  irregular  —  in  case  the  ven- 
tricle has  missed  several  beats.  The  extreme  distention  of  the  ven- 
tricle with  venous  blood  —  mechanically  preventing  the  full  effect 
of  the  contraction,'  the  slight  weakening  of  the  muscle  by  inter- 
ference with  its  nutrition,  and  the  variation  in  the  rate  of  beat  are 
probable  explanations  of  these  irregularities.  The  simple  experiment 
of  bleeding  a  frog  during  a  continuous  series  of  vagus  stimulations  has 
never  failed  to  show  that  so  soon  as  the  normal  nutrition  is  altered 

1  Gaskell,  loe.  cit.,  p.  89,  found  that  the  vagua  does  not  influence  the  force  of 
ventricular  contraction  in  the  tortoise;  McWii,liam,  Journal  of  physiology,  1885, 
vi,p.  223,  reached  the  same  result  for  the  eel's  ventricle.  Bayliss  and  Starling, 
Journal  of  physiology,  ifigz.xiii,  p,  41 1,  and  Nuel.  Archivf.  d.  ges.  Physiol.,  1874, 
ix,  p.  186,  deny  the  power  of  the  vagus  over  the  force  of  contraction  of  the  ventricle. 
Roy  and  Adami,  Philosophical  transactions,  1S92,  clxxxiU,  p.  224,  doubt  its  power. 

«  Engelmanm,  Archiv  f.  d.  ges.  Physiol.,  1894,  Ivi,  p.  182,  points  out  that  the 
intra-cardiac  pressure  influences  the  auriculo- ventricular  contraction  interval. 
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even   slightly  a  decrease  of  the  force  of  3 

ventricular   contraction   appears.     Fig.  6,  I  i  S 

taken   from   a   frog  that  had   been    bled,  »  "  (», 

shows  this  influence  of  the  vagus  stimu-  ^  "  — 

lation  on  the  force  of  the  ventricle.     The  %  %t 

last  systole  before  the  arrest  is  already  g-  3  I- 

decreased  in  height.  5  ^  " 

Sometimes  after  the  arrest  the  frequency  ^  2-  ^ 

is  increased  and  the  force  diminished  (see  »  n  3. 

Fig.  II,  page  507).     The  latter  effect  is,  I  05  =" 

believe,  purely  secondary.     The  ventricle  P*  «  a. 

beats  so  quickly  that  the  force  of  the  indi-  =^  " 

vidual  beat  is  lessened.     The  increase  in  %  -^ 

frequency  is   in   consequence  of  interfer-  S.  e 

ence;  the  accelerators  in  the  vagus  trunk,  jf^ 

contrary  to  the  usual  rule,  probably  over-  5- 1 

come  the  inhibitory  fibres.  g-  ^ 

Occasionally  though  rarely  the  first  con-  3  3 

tractions  after  arrest  are  increased  instead  c  s 

of  diminished  in  force.     In  my  experience  g-  % 

the  increase  in  force  has  always  been  of  an  ^  " 

irregular  type,  and  associated  with  a  slow-  ?  " 

ing  in  the  rate.     The  explanation  of  the  ^  % 

increased  force  is  probably  the  fact  estab-  I  | 

lished  by  Gaskell  for  the  tortoise  and  by  i  ^ 

McWilliam   for   the  warm-blooded    heart,  ^  S- 

namely,  that   normally   the    frequency  of  5  ? 

beat  is  too  great  to  permit  the  ventricle  §  3 

to  contract  with  maximal  force.     The  slow  S,  ^ 

rate  under  vagus  excitation  may  favor  thus  f^  = 

the  development  of  the  maximal  contrac-  ^  Q 

tion.  a.  B 

2.    On    tbe    force    of    the    anriola.  —  The  %"% 

action  of  the  vagi  upon  the  force  of  the  f.  g' 

auricular  contraction  has  been  demon-  ^  ^ 
strated  too  often  to  require  discussion 
here.  The  influence  seems  to  be  of  the 
same  general  character  before  and  after 
bleeding,  although  in  the  latter  case  it  Is 
more  marked.     As  in  the  ventricle,  so 
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here  the  maximum  is  quickly  reached  and  the  previous  force  regained 
slowly. 

3.  On  the  force  of  the  einus. — The  vagi  diminish  the  force  of  the 
sinus  contraction  also ;  the  effect  is  more  quickly  produced  than  in 
the  auricle  and  ventricle.  At  times  a  simple  reduction  in  the  height 
of  the  curve  is  observed;  at  others  the  systolic  rise  is  no  longer 
single  —  not  one  but  several  elevations  are  seen  at  each  systole  (see 
Fig.  7).     This  division  of  the  systolic  curve  into  several  parts  indi- 


M 
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Figure  7.  Three-fourths  the  original  size.  The  uppermost  curve  records  the  move- 
ments of  the  sinus  (vena  cava  inferior)  of  Pseudemys  elegans ;  the  rise  in  the  second 
curve  marks  the  duration  of  vagus  excitation ;  the  lowest  curve  marks  the  time  in 
fifths  of  seconds. 

cates  that  the  different  portions  of  the  sinus  no  longer  contract  in 
their  normal  sequence,  but  are  dissociated  by  the  vagus.  The  theo- 
retical importance  of  this  observation  will  be  insisted  on  hereafter. 

IV.   The  Vagus  Influence  on  the  Frequency  with  which 

THE  Sinus  contracts. 

It  will  be  observed  that  the  title  of  this  section  contains  no  reference 
to  the  frequency  of  the  contraction  of  the  auricle  and  the  ventricle. 
The  omission  is  a  logical  consequence  of  the  hypothesis  which  my 
experiments  have  forced  upon  me  more  and  more  strongly,  namely, 
that  the  normal  heart-beat  is  dependent  primarily  upon  impulses 
discharged  by  the  sinus.  This  being  accepted  —  and  the  hypothesis 
is  accepted  by  a  strong  school  of  physiologists  —  it  follows  that 
changes  in  the  frequency  of  contraction  of  the  auricle  and  ventricle 
in  consequence  of  vagus  excitation  are  secondary  effects  and  not  the 
result  of  the  action  of  the  vagi  on  the  production  of  impulses  by  the 
auricle  and  ventricle.  There  arc  two  ways  in  which  these  secondary 
effects  may  be  brought  about :  the  vagi  may  hinder  the  transmission 
of  the  excitation  wave  and  thus  delay  its  arrival  in  the  contractile 
substance  of  the  auricle  or  ventricle;  or,  secondly,  the  stimulated 
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vagi  may  induce  intrinsic  changes  in  the  auricle  and  ventricle  affect- 
ing the  character  and  time-relations  of  the  discharge  occasioned  by 
the  excitation  wave  on  its  arrival  in  those  parts.  This  being  the  point 
of  view,  we  may  reserve  the  consideration  of  changes  in  the  rate  of 
auricular  and  ventricular  contraction  for  the  discussion  of  the  theo- 
retical bearings  of  my  work.  For  the  present  we  need  only  inquire 
whether  any  changes  in  the  rate  of  beat  of  the  sinus  are  seen  when 
the  vagi  are  stimulated. 

The  fact  is  that  the  rate  is  often  changed.  The  excitation  of  the 
vagus  produces  sometimes  an  increase  in  the  frequency  of  sinus 
contraction,  but  usually  a  decrease. 

The  occasional  increase  in  the  frequency  of  sinus  contraction  may 
be  accompanied  by  an  increase  in  the  frequency  of  the  auricle  and 
ventricle.  Once  I  saw  after  a  powerful  stimulation  of  the  vagus  near 
its  entrance  into  the  sinus  a  very  marked  quickening  of  the  heart- 
beat; this  lasted  until  I  stimulated  a  second  time  in  the  same  manner 
and  with  the  same  current;  then  a  very  marked  slowing  followed. 

Both  Dutch  and  American  frogs  have  furnished  me  curves  in  which 
acceleration  and  retardation  of  the  whole  heart-beat  succeed  each 
other  suddenly  (Fig.  8).     This  well-known  phenomenon  is  probably 


Figure  8.  One-half  the  original  size.  The  uppermost  curve  records  the  movements  of 
the  auricle  and  ventricle ;  the  rise  in  the  second  curve  marks  the  duration  of  vagus 
stimulation ;  the  third  curve  is  the  time  in  fifths  of  seconds ;  the  lowest  curve  records 
the  movements  of  the  sinus  (vena  cava  superior  sinistra). 


the  result  of  the  interference  of  retarding  and  accelerating  heart 
nerves.  A  satisfactory  explanation,  in  my  judgment,  can  be  found 
in  the  variation  of  the  conducting  power.  As  soon  as  the  conducting 
power  has  increased  to  a  certain  point  the  excitation  process,  previ- 
ously blocked,  flows  over  the  whole  heart  and  an  increase  in  the 
number  of  visible  contractions  results. 

The  alternating   of  arrest  with    augmented    rhythm    is    apparent 
rather  than  real,  and  is  to  be  explained  by  changes  in  the  conducting 
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power  in  consequence  of  which  the  contraction  wave  is  sometimes 
carried  to  the  ventricle  and  at  other  times  does  not  extend  beyond 
its  origin  in  the  sinus. 

V.  The  Action  of  the  Vagus  explained  by  its  Influence 
ON  the  Conduction  of  the  Cardiac  Excitation  Wave. 

The  basis  of  the  hypothesis  about  to  be  discussed  is  the  widely 
accepted  theory  that  the  excitation  process  which  occasions  the  heart- 
beat arises  automatically  in  the  sinus  and  from  its  point  or  points  of 
origin  overflows  first  the  sinus,  next  the  auricle,  and  lastly  the  ven- 
tricle. In  agreement  with  this  theory,  the  arrest  of  any  part  of  the 
heart  by  the  vagus  may  be  explained,  first,  by  the  blocking  of  the 
excitation  wave  between  its  point  of  origin  and  the  part  arrested,  so 
that  the  latter  receives  no  impulse  to  contraction ;  secondly,  by  a  re- 
duction of  irritability^  or  other  intrinsic  change  in  the  arrested  part  so 
great  that  the  excitation  wave  upon  its  arrival  there  is  not  able  to  oc- 
casion any  measurable  alteration  in  form.  I  can  off*er  no  rigid  demon- 
stration of  the  truth  or  error  of  these  hypotheses,  but  a  careful  study 
of  the  facts  leads  me  to  the  conclusion  that  all  the  various  phenomena 
can  be  explained  by  changes  in  the  conduction  process  so  readily 
and  with  such  close  adherence  to  established  facts  and  scarcely 
less  established  points  of  view  as  to  make  this  explanation  much 
more  probable  than  the  alternative  one  of  intrinsic  changes  in  the 
several  parts  of  the  heart. 

I.  The  conduction  of  the  ezcitation  process.  —  Let  us  begin  our 
analysis  by  attempting  to  explain  changes  in  the  duration  of  the  con- 
traction interval  by  changes  in  the  conduction  of  the  excitation  pro- 
cess. In  Fig.  9  the  uppermost  curve  records  the  movements  of  the 
auricle  and  ventricle,  the  lowermost  curve  the  contractions  of  the  sinus. 
The  time  is  marked  by  the  chronograph  of  Jaquet  recording  fifths  of 
seconds.  The  current  derived  from  two  Daniell  cells  was  conveyed 
through  the  primary  circuit  of  an  induction  apparatus  and  through  an 
electromagnet  which  recorded  the  time  of  stimulation.  The  distance 
between  the  coils  of  the  induction  apparatus  was  120  millimetres  at 
the  beginning  of  the  stimulation  but  was  slowly  reduced  to  75  milli- 
metres. On  examining  the  curve  it  will  be  seen  that  the  excitation  is 
followed  by  one  normal  beat,  after  which  the  contractions  of  the 
auricle  and  ventricle  disappear  from  the  curve.  The  elevation 
observed  in  the  sinus  curve  is  due  to  the  movements  of  voluntary 

^  Compare  McWilliam  :  Journal  of  physiology,  1888,  ix,  pp.  352,  et  seq. 
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muscles,  very  often  seen  in  reply  to  stim- 
ulation.    Upon  close  examination,  it  will       § 
be   noticed  that  after  the  standstill  the       » 
whole  sinus  does  not  contract  at  the  same      \ 
moment.     A  small,  sharply  defined  eleva-       ° 
tion  precedes  the  first  large  contraction       a 
of  the  sinus  by  1.68  sees.;  shortly  after-       g 
ward,  the  contraction  wave   pursues   its 
regular  way  over  the  auricle  and  ventri-       ^ 
cle.     In  the  next  cardiac  cycle,  a  similar       \ 
small   elevation   precedes  the  main  con-       ^ 
traction   of  the  sinus  by   1.34  sees.,  —  a       6 
slight  reduction.     In  the  following  cycles, 
the  interval  between  the  two  parts  of  the 
sinus  movement  falls  to  1. 14,  O.82,  O.40, 
0.28,  0.18,  0.12  sees.,  and  finally  the  in- 
terval  disappears    and   the   whole   sinus 
contracts  apparently  simultaneously. 

Evidently  the  excitation  of  the  vagus 
in  this  case  dissociated  one  part  of  the 
sinus  from  another.^  The  normal  rapid 
conduction  of  the  excitation  wave  in  the 
sinus  is  here  diminished  by  vagus  ex- 
citation, just  as  it  has  been  shown  by 
Engelmann,  Gaskell,  and  others  to  be 
diminished  in  the  auricle  and  ventricle. 
In  consequence  of  the  slower  conduction 
the  interval  between  the  part  of  the  sinus 
first  reached  by  the  excitation  wave  and 
that  reached  later  is  such  that  the  two 
contractions  are  no  longer  fused  into  an 
apparently  single  contraction  but  are  seen 
separately  in  the  curve.  As  the  vagus 
influence  wanes,  the  conducting  power 
gradually  returns  to  normal,  and  the 
interval  between  the  contraction  of  the 
several  parts  of  the  sinus  becomes  less 

1  McWiLLiAM  :  ibid.,  1886,  vi,  p.  220,  observed 
a  similar  dissociation  in  Ilie  auricle  and  sinus  of 
the  eel's  heart. 
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and  less  until  fusion  again  takes  place.  Sometimes,  after  the  so-called 
arrest,  the  sinus  is  seen  to  contract  in  three  divisions,  and  indeed  it  is 
entirely  probable  that  the  dissociation  of  the  sinus  contraction  under 
nerve  influence  may  proceed  much  further  than  can  be  demonstrated 
by  our  present  methods  of  research. 

Experiments  on  the  sinus  in  turtles  (Pseudemys  rugosa  and  elegans) 
confirmed  the  results  secured  with  frogs.  In  the  turtle  I  succeeded 
in  suspending  two  different  parts  of  the  sinus,  /.  e,  two  parts  of  the 
vena  cava  inferior,  at  the  same  time.  Curves  were  thus  obtained 
which  showed  that  the  sinus  and  the  large  veins  are  not  one  contrac- 
tile body  but  a  system  of  contractile  units.  The  contraction  wave  in 
most  cases  was  seen  to  start  from  the  right  vena  cava.  The  separa- 
tion into  contractile  units  may  be  recognized  not  only  when  the  heart 
is  exhausted  after  bleeding  (as  shown  by  Engelmann  in  the  frog)  and 
in  consequence  of  vagus  stimulation  as  above  described,  but  also 
under  apparently  normal  conditions.  It  seems  most  probable  that 
the  time  elapsing  between  the  contractions  of  the  different  parts  is 
dependent  on  the  conducting  power  between  these  parts. 

The  reader  may  be  reminded  here  that  antiperistaltic  contractions 
of  the  sinus  and  large  veins  may  be  observed  quite  frequently  in 
exposed  hearts  which  are  beating  normally.  I  have  seen  these  in 
the  turtle;  Engelmann^  observed  antiperistalsis  in  the  frog  and  Bot- 
tazzi  ^  in  the  heart  of  the  chick.  The  possibility  of  the  occurrence  of 
this  phenomenon  should  be  taken  into  account  in  the  discussion  of 
the  cases  in  which  the  vagus  nerve  seems  to  have  a  direct  influence 
on  the  production  of  automatic  stimuli. 

If  the  vagus,  as  has  just  been  shown,  can  thus  separate  the  contrac- 
tions of  various  portions  of  the  sinus  so  that  a  contraction  curve  that 
normally  appears  single  becomes  divided  into  several  parts,  and  if,  as 
has  been  shown  in  section  second,  the  vagus  can  also  increase  the 
normal  interval  which  separates  the  contraction  of  the  sinus  from  that 
of  the  auricle,  and  the  contraction  of  the  auricle  from  that  of  the 
ventricle,  it  is  certainly  reasonable  to  suppose  that  a  strong  excitation 
of  the  nerve  may  interpose  such  a  resistance  to  the  passage  of  the 
excitation  wave  as  to  block  it  entirely.  The  parts  of  the  heart  which 
cease  to  receive  the  excitation,  or  receive  less  than  the  amount  suffi- 
cient to  cause  a  measurable  change  in  form,  will  then  cease  to  record 

*  Engelmann:  Archiv  f.  d.  ges.  Physiol.,  1895,  Ixi,  p.  275. 
2  BoTTAZzi,  P. :  SuUo  sviluppo  embryonale  della  funzione  motoria,  Firenze, 
1897,  p.  78. 


Action  of  the  Vagus  Nerve  on  the  Heart.  505 

their  contractions,  as,  for  example,  in  Fig.  9  the  contractions  of  tne 
auricle  and  ventricle  disappear  from  the  curve  for  a  time,  while  the 
sinus  goes  on  beating. 

Decreased  conducting  power  within  the  limits  of  the  sinus  will 
further  explain  the  simple  prolongation  of  one  or  two  cycles  often 
seen  as  an  effect  of  weak  vagus  excitation  (Fig.  8). 


••••■■•■■■■■■''■''  ■■•■«■■■        ■■■!..       ^l»|l»tl 
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Figure  10.  The  uppermost  curve  records  the  contractions  of  the  auricle  and  ventricle ; 
the  rise  in  the  second  curve  marks  the  duration  of  vagus  excitation ;  the  third  marks 
the  time  in  fifths  of  seconds ;  and  the  lowermost  curve  the  contractions  of  the  sinus 
(vena  cava  superior  sinistra).  The  vertical  lines  i,  2,  3,  4  mark  the  beginning  of  con- 
traction of  the  smaller  part  of  the  sinus,  the  greater  part  of  the  sinus,  the  auricle,  and 
the  ventricle,  respectively. 

It  also  explains  numerous  instances  occurring  in  R.  catesbeiana  as 
well  as  R.  temporaria  in  which  the  duration  of  the  cardiac  cycle  after 
stimulation  is  nearly  or  exactly  twice  that  observed  before  stimulation 

(Fig.  5). 

2.  The  force  of  contraction.  —  The  observation  that  the  sinus  is 
really  a  composite  of  contractile  units,  together  with  the  observation 
that  the  vagus  influences  these  functional  units  in  different  degrees, 
thus  dissociating  them  from  their  normal  relation,  suggests  the  possi- 
bility that  the  vagus  nerve  may  regulate  the  force  of  the  cardiac  con- 
traction simply  by  changing  the  conducting  power. 

The  diminishing  force  of  contraction  under  vagus  inhibition  may 
mean  that  fewer  and  fewer  fibres  take  part  in  the  contraction,  because 
the  decreasing  power  of  conduction  prevents  more  and  more  fibres 
from  being  reached  by  the  excitation  wave.^  The  return  of  force 
after  vagus  inhibition  may  mean  that  the  improving  conducting  power 
enables  the  excitation  to  reach  a  constantly  increasing  number  of 
fibres.  This  view  is  strengthened  by  the  similarity  in  the  action  of 
the  vagus  on  the  force  of  contraction  and  on  the  length  of  the  con- 
traction interval ;  in  both  the  effect  rises  quickly  to  a  maximum  and 

*  Compare  Engelmann  :  Archiv  f.  d.  ges.  Physiol.,  1896,  Ixii,  p.  555. 
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then  slowly  disappears.  It  is  further  strengthened  by  the  fact  that 
in  frosrs  which  have  been  bled  the  force  of  ventricular  contraction 
diminishes  nuTLTXy  pari  passu  with  the  lessening  in  conducting  p^jwer 
between  sinus  and  auricle,  and  auricle  and  ventricle  imeasured  by  the 
increase  in  the  contraction  inter\-al>. 

The  diminishing  force  of  contraction  may  also  be  explained  by 
the   failure   of  the   several    parts   of  the   sinus   to   beat   in    unison 

^Fig.  7). 

It  seems  not  improbable  that  the  *'  staircase  phenomenon  "  may  be 
explained  by  a  gradual  increase  in  conductivit\'  enabling  each  succes- 
sive excitation  wave  to  reach  farther  and  farther  into  the  ventricle.* 
In  this  connection  it  may  be  remembered  that  I  described  in  Pfliiger's 
Archiv*  a  peculiar  direct  effect  of  tetanizing  currents  sent  through 
the  ventricle,  which  is  to  be  seen  whenever  the  nutrition  of  the  heart 
(and  also  the  conducting  power)  is  diminished.  I  saw  the  force  of 
the  ventricle  quickly  decrease,  and,  after  the  tetanizing.  slowly  increase 
again,  in  other  words,  a  staircase  phenomenon.  This  also  may  be 
regarded  as  due  to  changes  in  the  conductivity. 

3.  The  rate  of  beat. — The  facts  already  stated  warrant  the  assump- 
tion that  variations  in  the  duration  and  the  height  of  the  contraction 
wave  of  the  several  parts  of  the  heart,  including  the  total  disappear- 
ance of  a  measurable  contraction  (vagus  "arrest"),  may  be  explained 
by  variations  in  the  conduction  of  the  excitation  process  from  one 
contractile  unit  to  another.  We  must  now  inquire  whether  alterations 
in  the  frequency  of  contraction  of  the  sinus  or  a  part  of  the  sinus  can 
be  similarly  explained. 

In  Fig.  1 1  is  presented  an  example  of  an  apparently  complete 
arrest  of  the  whole  heart.  The  ventricle  was  suspended  in  this  ex- 
periment in  such  a  manner  as  to  permit  the  contractions  of  the  sinus, 
auricle,  and  ventricle  to  be  recorded  in  one  cur\'e.  As  a  result  of 
vagus  excitation,  all  three  of  these  parts  seem  to  be  arrested.  If, 
however,  the  period  of  supposed  total  arrest  is  examined  with  great 
care,  three  regular  but  very  faint  elevations  will  be  seen ;  these  are 
the  weakened  contractions  of  the  sinus.^  A  single  record  of  these 
contractions,  which  are  barely  measurable,  would  convince  no  one. 
When  however  it  is  stated  that  such  records  have  been  repeatedly 

*  Compare  Engelmann  :  Archiv  f.  d.  ges.  Physiol.,  1896.  Ixii,  p.  554. 
^     ^  Musk  ens:  ibidi.,  1896,  Ixvi,  p.  340. 

•  The  engraver  has  very  slij^htly  sharpened  these  elevations  in  the  cur\-e  (Fig. 
11)  in  order  to  show  their  position  clearly. 


Action  of  the  Vagus  Nerve  on  the  Heart.  507 

obtained  in  my  experiments,  the  significance  of  these  elevations  must 
be  conceded.  I  have  observed  every  degree  of  lessening  in  the  force 
of  the  sinus  contraction  down  to  this  stage,  in  which  the  record 
trembles  on  the  verge  of  complete  obscurity.  The  arrest  of  the  heart 
in  these  experiments  is  therefore  only  apparent.  The  excitation  is 
still  rhythmically  discharged,  but  the  resistance  to  its  overflow  upon 
the  sinus,  auricle,  and  ventricle  is  so  much  increased  under  the  influ- 
ence of  the  vagus  that  the  change  in  form  ceases  to  be  measurable  in 
the  auricle  and  ventricle  and  is  barely  measurable  in  the  sinus.  Evi- 
dently should  the  conduction  become  still  more  difficult,  even  the 
sinus  contraction  would  cease  to  be  measurable,  although  contraction 
might  still  take  place. 

The  change  in  rhythm  just  discussed  is  only  apparent;  the  true 
rhythm  of  the  heart,  namely,  the  frequency  with  which  the  excitation 
wave  is  discharged  in  the  sinus,  has  been  unaltered.  But  we  have  to 
deal  also  with  changes  in  the  true  rhythm.  It  has  already  been  shown 
that  the  true  rhythm  may  be  increased  or  diminished  by  vagus  action. 


Figure  ii.  Three-fifths  the  original  size.  The  ventricle  was  suspended  in  such  a  way 
that  the  contractions  of  the  sinus,  auricle,  and  ventricle  are  written  in  one  curve.  The 
black  band  in  the  line  below  marks  the  duration  of  the  vagus  excitation.  The  time 
is  in  tenths  of  seconds. 

An  additional  example  may  be  cited.  In  a  R.  catesbeiana  the  move- 
ments of  the  auricle  and  ventricle  were  recorded  in  one  curve  and  tlie 
movements  of  the  sinus  in  another.  On  excitation  of  the  vagus  the 
auricle  and  ventricle  ceased  to  record,  while  the  sinus  beat  with  in- 
creased frequency.  These  cases  can  be  readily  explained  by  changes 
in  the  conducting  power.^  The  number  of  excitation  waves  dis- 
charged from  the  sinus  must  depend  largely  on  the  resistance  to  the 
discharge.  If  the  resistance  is  great,  the  threshold  value  will  be  high, 
and  the  discharge  relatively  infrequent ;  if  the  resistance  is  slight,  the 
threshold  value  will  be  low  and  the  discharge  relatively  frequent. 

^  Compare  Engelmann  :  Archiv  f.  d.  ges.  Physiologic,  1896,  Ixii,  p.  552. 
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The  probability  of  the  vagus  increasing  or  di- 
minishing the  resistance  to  the  conduction  of 
the  excitation  wave  has  been  demonstrated 
above,  and  this  action  of  the  vagus  suggests 
that  the  nerve  may  also  regulate  the  resistance 
to  the  discharge  of  the  excitation  wave.  The 
latter  hypothesis  is  a  simple  and,  to  my  mind, 
easily  accepted  explanation  of  the  alterations 
in  rhythm  often  observed  when  the  vagi  are 
stimulated;  the  threshold  value  of  the  ex- 
citation discharge  is  altered  under  vagus  in- 
fluence. 

It  should  be  stated  here  that  an  increase  in 
the  contraction  interval  also  occurs  apparently 
independently  of  the  vagi  in  badly  nourished 
hearts.  Thus,  in  the  exhausted  frog's  heart, 
especially  after  loss  of  blood,  very  interesting 
changes  in  the  duration  of  the  contraction 
interval  may  be  observed, 

In  Fig.  12,  the  auricle  (lower  curve)  beats 
with  perfect  regularity.  The  contractions  of 
the  ventricle  arc  in  groups  of  three.  In  each 
group,  the  auriculo-vcntricular  interval  in- 
creases from  nearly  0.7  to  i.r  sees.  The  in- 
tervals are  0.94,  i.07,dropped  beat;  0.77,  i.Oi, 
1. 10,  I.r4,  dropped  beat;  0.80,  i.oi.  i.ii, 
dropped  beat 

The  sino-auricular  interval  is  also  some- 
times lengthened  in  badly  nourished  hearts. 
Fig.  13  is  an  example.  In  this  case  the  sinus 
beat  with  absolute  regularity  (lower  curve), 
but  the  sino-auricular  interval  increased  until 
the  excitation  wave  was  blocked  entirely.  The 
intervals  are  1. 38,  1.74,  dropped  beat;  1.16, 
1.38,  1.56,  dropped  beat;  1.16,  :.38.  1.56, 
dropped  beat;  1.16,   r-38,  etc. 

It  seems  highly  probable  that  the  periodic 
loss  of  one  beat  in  the  cases  illustrated  by 
Figs.    12    and    13    is    a    consequence   of  the 


S' 


Action  of  the  Vagus  Nerve  on  the  Heart. 

continuous   increase   of  the   contraction   interval. 
Gaskell '  and  Engelmann*  have  shown  that  in  the 

heart   every  contraction  reduces   the   conducting  ^ 

power  of  the  contracting  part.     In  the  record  be-  | 
fore  us  the  auricle  contracts  with  perfect  rhythm. 
At  each  auricular  contraction  an  excitation  wave 

passes  over  the  ventricle.     On  the  arrival  of  the  | 

first  excitation,  the  ventricle  contracts.     Its  con-  g 

ducting   power   is    lowered    by   this    contraction,  i- 

Recovery  is  slow  because  of  imperfect  nutrition.  % 

The  next  excitation   from  the  regularly  working  S 

auricle   is   delayed    by   the    difficult    conduction,  g 
Hence  the  second  auriculo-ventricutar  interval  is 
greater  than  the  first.      The   excitation   from  the 

third  auricular  beat  is  delayed  like  the  two  pre-  ^ 

ceding  ones.     The  third  auriculo-ventricular  inter-  c 

val  is  longer  than  the  .second,  as  the  second  was  *§ 

longer  than  the  first,  for  to  the  delay  of  the  first  g 

interval  is  added  the  delay  of  the  second.     This  n 

process  goes  on.     The  auriculo-ventricular  interval  a 

grows  longer  with  each  cardiac  cycle,  as  the  delay  S. 

of  each  is  added  to  the  summed  delays  of  its  pre-  5 

decessors.     Finally,  the  interval  between  the  beat  g 

of  the  auricle  and  ventricle  exceeds  a  certain  limit,  ? 

as  in  the  case  of  vagus  excitation  (page  493),  and  S. 

a   ventricular   beat    is   dropped.      The    period    is  S 

complete.     The  loss  of  this  beat   gives  time  for  _ 

the  conducting  power   to  reach   its   former  level,  •» 

The  next  auriculo-ventricular  interval  is  about  the  §. 

length  of  the  first  interval  of  the  preceding  series,  jf 

and  a  new  period  begins.  ? 

This  explanation  of  periodic  pulses  is  of  especial  a 

interest,  for  the   reason  that  in  badly   nourished  % 

human    hearts,   for   example    in    myocarditis    and  3- 

arterio-sclerosis.  similar  irregularities  arc  not   in-  " 

frequent.'      It  is  probable  also  that  many  of  the  "2 

'  Gaskki.l:  Journal  of  physiology,  1883,  iv,  p.  97.  '~ 

*  Knoklmann  :    Arcliiv  f.   d.   ges.    Physiol-,   1896,   Ixii,  p 
P-  543- 

■  Compare  Evgelman.s'  :  Ibid.,  p.  553. 
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periodic  groups  of  Luciani  (recently  studied  by  Oehrwall^)  will  be 
thus  explained. 

In  conclusion  I  desire  to  express  my  grateful  appreciation  of  the 
valuable  criticism  of  Dr.  H.  P.  Bowditch.  I  am  also  greatly  indebted 
to  Dr.  VV.  T.  Porter  for  assistance  in  the  preparation  of  my  paper  for 
the  press. 

Summary. 

1.  The  sino-auricular  and  auriculo-ventricular  contraction  intervals 
are  usually  lengthened  by  vagus  excitation ;  sometimes,  however,  they 
are  diminished ;  the  one  may  be  increased,  while  the  other  is  dimin- 
ished. The  vagus  effect  quickly  reaches  a  maximum  and  then  slowly 
decreases. 

2.  The  interval  between  the  contractions  of  different  parts  of  the 
sinus  is  sometimes  increased  by  vagus  excitation,  so  that  the  dif- 
ferent parts  are  dissociated  and  beat  at  measurably  different  times. 

3.  The  force  of  contraction  of  the  sinus  and  auricle  is  frequently 
diminished  by  vagus  excitation. 

4.  The  vagus  does  not  diminish  the  force  of  ventricular  contraction 
in  the  frog,  except  when  the  normal  nutrition  of  the  heart  is  disturbed 
by  the  loss  of  blood  or  otherwise. 

5.  The  frequency  of  sinus  contraction  is  usually  diminished  by  the 
stimulation  of  the  vagus;   at  times  it  is  increased. 

6.  The  various  actions  of  the  vagus  nerve  just  enumerated,  together 
with  Bowditch's  staircase,  interference,  and  various  forms  of  irregular 
pulse,  can  be  readily  explained  by  variations  in  the  transmission  of 
the  cardiac  excitation. 

1  Oehrwall:  Skandinav.  Archiv  fiir  Physiologic,  1898,  viii,  p.  i. 


A  NEW   METHOD   FOR  THE  STUDY   OF  THE 
ISOLATED   MAMMALIAN   HEART. 

By  W.  T.  porter. 
[/rrom  the  Laboratory  of  Physiology  in  the  Harvard  Medical  School.] 

THE  isolation  of  the  mammalian  heart  was  first  accomplished  by 
H.  N.  Martin,^  in  the  Biological  Laboratory  of  the  Johns  Hop- 
kins University.  Normally  warmed  defibrinated  blood  entered  the 
right  auricle  and  right  ventricle  from  a  reservoir  at  normal  venous 
pressure.  The  right  ventricle  pumped  the  blood  through  the  lungs, 
where  it  was  oxygenated,  artificial  respiration  being  maintained  for 
that  purpose.  The  pulmonary  veins  brought  the  arterialized  blood 
to  the  left  heart,  and  the  left  ventricle  drove  it  into  a  tall  tube  tied 
into  the  aorta,  whence  the  blood  was  returned  to  the  venous  reser- 
voir. The  height  of  the  liquid  column  in  this  tube  determined  the 
pressure  against  which  the  ventricle  worked,  and  this  "  arterial  press- 
ure "  could  be  regulated  at  will. 

The  advantages  of  Martin's  method  are  great.  The  heart  is  fully 
isolated  from  all  other  organs  except  the  lungs,  and  works  under 
conditions  closely  approximating  the  normal  state.  Indeed,  for 
many  purposes  the  original  plan  of  Martin  is  superior  to  those  since 
advocated.  The  chief  objection  to  it  has  been  the  difficulty  of  secur- 
ing blood  enough.  It  is  necessary  to  use  dog's  blood  for  the  dog's 
heart,  cat's  blood  for  the  heart  of  the  cat,  etc.,  and  several  animals 
have  to  be  sacrificed  in  order  to  secure  a  sufficient  quantity  for  one 
perfusion. 

In  1890,  Martin  and  Applegarth^  published  an  important  modifi- 
cation of  the  procedure  just  described.  In  the  new  method  **  all  the 
branches  of  the  aorta,  except  the  coronary  arteries,  are  Hgated.  The 
vena;  cavae  are  also  ligated.  In  the  aorta  itself  is  placed  a  cannula, 
which  is  connected  with  a  Mariotte^s  flask,  raised  a  sufficient  height 
above  the  organ.     The  defibrinated  blood  from  the  flask  fills  the 

^  Martin:  Studies  from  the  biological  laboratory  of  the  Johns  Hopkins 
University,  1881,  ii,  p.   119. 

^  Martin  and  Applegarth  :  Studies  from  the  biological  laboratory  of  the 
Johns  Hopkins  University,  1890,  iv,  p.  275. 
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connecting  tubes,  the  aorta,  and  the  coronary  arteries  at  a  constant 
pressure,  which,  of  course,  is  quite  independent  of  the  force  and  the 
frequency  of  the  heart-beat.  The  blood  taking  the  coronary  circuit, 
on  reaching  the  right  auricle,  proceeds  to  the  corresponding  ventri- 
cle, and  from  it  through  the  lungs  to  the  left  auricle.  This  blood  is, 
therefore,  the  only  blood  entering  the  cavities  of  the  heart  or  passing 
through  the  lungs  unless  there  be  some  inefficiency  of  the  aortic 
semi-lunar  valves.  That  the  cavities  of  the  heart  are  not  distended 
with  more  blood  is  not  found  to  influence  the  normal  character  of 
its  beat,  which  continues  rhythmically  and  forcibly  for  three  or  four 
hours." 

Arnaud,^  in  1891,  injected  defibrinated  blood  into  the  aorta  of  a 
rabbit  the  heart  of  which  had  ceased  to  beat,  and  saw  co-ordinated 
contractions  return. 

The  following  year  H6don  and  Gilis^  made  similar  injections  in  a 
dog  and  in  an  executed  man,  and  secured  co-ordinated  beats. 

Langcndorff,^  in  1895,  modified  the  method  of  Martin  and  Apple- 
garth  by  omitting  the  lungs,  receiving  the  coronary  blood  from  the 
right  heart  into  a  dish  or  beaker.  The  omission  of  the  lungs  per- 
mits the  heart  to  be  removed  from  the  body,  an  advantage  for  cer- 
tain purposes.  Langendorflfs  modification  is  however  open  to  the 
objection  that  the  blood  cannot  be  so  satisfactorily  oxygenated  as 
when  it  passes  through  the  lungs.  Moreover,  the  removal  of  the 
heart  prevents  stimulation  of  the  extrinsic  cardiac  nerves. 

My  own  experiments  on  the  isolated  heart  began  nearly  a  year 
before  the  publication  of  Langendorffs  first  paper.  They  were  at 
first  directed  to  the  discovery  of  a  method  by  which  the  warm- 
blooded heart  could  be  maintained  in  rhythmic,  forcible  contraction 
by  thoroughly  oxygenated  blood  supplied  in  the  normal  way,  namely, 
through  the  right  auricle  to  the  right  ventricle,  thence  to  the  left 
auricle  and  left  ventricle,  and  so  to  the  right  auricle  again.  This 
is  not  the  place  to  speak  of  the  many  devices  which  were  employed 
one  after  the  other  in  the  attempt  to  secure  a  really  satisfactory  oxy- 
genation of  the  blood.  It  is  enough  to  state  that  none  of  these 
devices  succeeded  in  thoroughly  oxygenating  in  a  sufficiently  short 

^  Arnaud:  Archives  de  physiologic,  1891,  p.  396. 

2  HifiDON  and  Gilis  :  C.  r.  de  la  soc.  de  biologic,  Paris,  1892,  p.  760. 

«  Langexdorff  :  Archiv  £.  d.  gcs.  Physiol.,  1895,  Ixi,  p.  292.  Langendorffs 
modification  has  recently  been  employed  in  altered  form  by  Rumke  :  Geneeskun- 
dige  Bladen  uit  Klinick  en  Laboratorium,  Harlem,  1897,  (iv)  x,  p.  201. 


The  Isolated  Mammalian  Heart.  5 1 3 

time  the  quantity  of  blood  required  for  the  successful  perfusion  of 
the  warm-blooded  heart.  The  attempt  was  therefore  temporarily 
given  over  and  the  method  of  Martin  and  Applegarth  employed. 

My  first  arrangement  of  Martin  and  Applegarth's  method  agreed 
with  LangendorfTs  modification  in  omitting  the  lungs,  but  differed 
from  Langendorff*s  in  many  other  respects.  All  the  branches  of  the 
aorta  except  the  coronary  arteries  were  tied.  The  aorta  was  kept 
filled  with  blood  from  a  reservoir  at  constant  pressure.  The  semi- 
lunar valves  being  closed  by  the  constant  high  aortic  pressure,  the 
blood  was  forced  through  the  coronary  arteries  into  the  right  heart ; 
a  very  small  quantity  entered  the  left  heart  through  the  vessels  of 
Thebesius.  The  force  and  frequency  of  the  contractions  of  the  left 
ventricle  were  recorded  by  a  Hiirthle  manometer  connected  with  a 
tube  passed  into  the  left  ventricle  through  the  left  auricular  appendix 
and  mitral  valve.  The  blood  flowing  through  the  coronary  vessels 
into  the  right  heart  escaped  through  the  pulmonary  artery  on  to  a 
registering  apparatus,  so  that  the  volume  of  the  coronary  circulation, 
excepting  the  very  small  quantity  reaching  the  left  heart  through  the 
vessels  of  Thebesius,  was  recorded. 

With  this  method  the  fact  that  stimulation  of  the  vagus  diminishes 
the  flow  through  the  coronary  arteries  was  discovered,^  an  experi- 
ment recently  repeated  by  Maas^  in  Langendorff^s  laboratory.  Curves 
showing  simultaneously  the  intraventricular  pressure  and  the  diminu- 
tion in  the  volume  of  the  coronary  circulation  in  vagus  excitation, 
obtained  by  this  method,  were  shown  to  the  American  Physiological 
Society  at  its  meeting  in  Boston  in  December,  1896.  One  of  the 
curves  is  to  be  found  in  this  Journal,  1898,  1,  p.  160.  Another  was 
published  in  the  American  Text-book  of  Physiology,  1896,  p.  453, 
to  illustrate  the  influence  of  the  vagus  on  the  frequency  of  ventricular 
contraction.^  This  is  the  first  instance  in  which  a  graphic  record  of 
the  volume  of  the  coronary  circulation  has  been  obtained ;  and  the 
first  in  which  the  intraventricular  pressure  in  the  isolated  heart  has 
been  recorded. 

With  this  method  also  the  relation  of  the  volume  of  the  coronary 

1  Porter  :  Boston  med.  and  surg.  journal,  1896,  cxxxiv,  p.  39. 

^  Maas  :  Archiv  f.  d.  ges.  Physiol,  1898,  Ixxi,  p.  399. 

•  In  reproducing  this  curve,  the  line  recording  the  volume  of  the  coronary  cir- 
culation was  cut  out  because  unnecessary  to  the  illustration  of  the  vagus  action  on 
the  frequency  of  the  heart;  this  curve  and  the  one  published  in  the  American 
Journal  of  Physiology  were  from  the  same  experiment,  March  26,  1896. 
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circulation  to  the  frequency  and  force  of  the  ventricular  contraction 
in  the  isolated  heart  of  the  cat  was  studied.  Curves  showing  the 
main  result  of  this  investigation  were  published  in  the  American 
Text-book  of  Physiology,  1896,  p.  476.  A  detailed  account  is  to  be 
found  in  the  Journal  of  Experimental  Medicine.^ 

In  the  method  last  described  the  animal  and  the  recording  appara- 
tus were  placed  in  a  huge  warm  chamber  kept  at  a  constant  temper- 
ature. After  a  time,  I  discarded  the  warm  chamber  and  designed  in 
its  stead  the  apparatus  afterwards  used  by  Miss  Hyde  in  her  study  of 
the  effect  of  distention  of  the  ventricle  on  the  flow  of  blood  through 
the  walls  of  the  heart.  The  new  method  is  described  in  her  commu- 
nication in  this  Journal.^ 

Meanwhile,  I  had  found  that  any  part  of  the  ventricle  of  the  dog's 
heart,  even  the  ganglion  free  apex,  will  beat  for  hours  if  supplied 
with  defibrinated  dog's  blood  through  its  nutrient  artery.  By  this 
means  the  whole  ventricle,  as  well  as  the  apex  of  the  ventricle,  was 
for  the  first  time  fully  isolated  from  the  rest  of  the  heart  and  kept  in 
powerful,  rhythmic,  long-continued  contraction.'*  This  method  has 
now  been  constantly  used  in  this  laboratory  during  fourteen  months, 
and  can  be  highly  commended.  Dogs  are  usually  employed.  The 
animal  is  anaesthetized  with  ether,  bled  from  the  left  carotid  artery, 
the  blood  defibrinated,  and  filtered  through  glass  wool.  Mean- 
while, warm  0.8  per  cent  sodium  chloride  solution  is  allowed  to 
flow  into  the  right  jugular  vein.  After  a  short  interval,  the  dog  is 
bled  again  from  the  carotid  artery,  and  the  blood  defibrinated  as  be- 
fore. The  heart  is  now  rapidly  removed  and  placed  still  beating  in 
a  beaker  of  warm  saline  solution.  Often  the  beats  are  so  vigorous 
that  the  heart  with  each  ventricular  systole  springs  more  than  an 
inch  from  the  bottom  of  the  beaker.  Thus  the  organ  is  self-cleansed 
from  blood.  A  glass  cannula  is  now  tied  into  the  coronary  artery 
supplying  the  area  the  contractions  of  which  are  to  be  studied,  and 
the  part  of  the  heart  wall  supplied  by  the  artery  is  cut  out.  The 
cannula  bearing  the  attached  ventricular  segment  is  filled  with  defi- 
brinated blood  and  joined  to  a  glass  tube  passing  through  the  rubber 
stopper  of  a  small  glass  chamber.     A  small  adjustable  clamp  sup- 

^  Magrath  and  Kennedy:  Journal  of  experimental  medicine,  1897,  ii,  p.  13. 

2  Miss  I.  H.  Hyde:  This  journal,  1898,  i,  p.  215. 

•  Porter:  Journal  of  experimental  medicine,  1897,  ii,  p.  391;  preliminary 
account  in  Journal  of  the  Boston  Society  of  Medical  Sciences,  1897,  i,  issued 
March  10,  1897. 
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ports  the  upper  margin  of  the  piece  of  heart  to  keep  its  weight  from 
dragging  on  the  nutrient  artery.  The  chamber  is  provided  with  a 
thermometer.  The  neck  of  the  chamber  passes  through  a  rubber 
stopper  in  the  floor  of  a  galvanized  iron  water  tank,  the  sides  of 
which  rise  above  the  top  of  the  chamber.  A  wire  attached  by  a  hook 
to  the  lower  end  of  the  piece  of  ventricle  passes  through  the  neck  of 
the  chamber  and  is  fastened  to  a  lever  of  the  second  class,  the  writ- 
ing-point of  which  traces  the  contraction  curve,  usually  magnified 
seven  times,  upon  a  Baltzar  drum.  Within  the  water  tank  also  is 
placed  a  litre  flask  filled  with  defibrinated  blood.  The  contents  of 
this  flask  are  kept  at  any  desired  pressure  by  means  of  a  pressure- 
bottle.  The  blood  passes  from  the  blood-flask  to  the  heart-chamber 
and  through  the  cannula  in  the  coronary  artery  into  the  ventricular 
segment,  from  which  it  escapes  through  the  severed  veins  into  the 
lower  part  of  the  chamber  and  runs  out  into  a  tall  beaker  placed  to 
receive  it.  The  blood-flask,  the  heart-chamber,  and  the  tubes  con- 
necting the  two  are  surrounded  by  a  large  volume  of  water  at  any 
desired  temperature.  The  water  tank  is  thirty-six  centimetres  long, 
twenty-one  broad,  and  twenty-five  deep.  A  window  in  the  front  per- 
mits a  view  of  the  heart  as  it  contracts. 

The  advantages  of  this  method  for  studying  the  fundamental  prop- 
erties of  cardiac  muscle,  the  action  of  animal  extracts  and  drugs  upon 
the  heart,  and  certain  other  problems,  are  very  great.  A  large  dog's 
heart  affords  two  and  sometimes  three  separate  apex-preparations 
each  with  a  nutrient  artery  large  enough  for  a  practicable  cannula. 
Several  preparations  of  the  basal  portion  of  the  ventricle  can  also  be 
obtained  from  the  same  heart.  The  experiment  scarcely  ever  fails. 
The  perfused  piece  seldom  refuses  to  beat,  and  if  it  does  another 
piece  from  the  same  heart  can  be  used.  The  relatively  very  large 
quantity  of  perfusion  fluid  allows  the  circulation  to  continue  for  a 
long  time ;  there  is  no  troublesome  turning  of  stopcocks  at  frequent 
intervals.  Often  the  quantity  of  blood  together  with  the  small  num- 
ber of  vessels  to  be  supplied  makes  it  unnecessary  to  perfuse  the 
heart  twice  with  the  same  blood.  The  preparation  can  be  made  with 
all  care.  There  is  no  hurry.  Even  pieces  left  for  more  than  an  hour 
will  usually  beat  when  perfused.  The  long  survival  makes  it  pos- 
sible to  prolong  experiments  through  most  of  the  day,  a  fresh  piece 
of  ventricle  being  taken  when  the  one  in  use  wears  out.  This  change 
of  pieces  we  have  found  of  value  in  testing  the  effect  of  poisons  and 
animal  extracts. 
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Such  are  the  various  methods  of  isolating  the  mammalian  heart. 
At  best,  they  leave  much  to  be  desired.  They  fail  to  realize  the  long- 
deferred  hope  that  the  mammalian  heart  shall  be  made  to  beat  like 
the  heart  of  the  frog  in  a  Williams  apparatus,  contracting  for  hours 
while  fed  on  a  simple  perfusion  fluid.  This  result  is  reached  by  the 
following  procedure. 

It  will  be  remembered  that  the  great  obstacle  to  the  perfection  of 
the  methods  of  isolating  the  mammalian  heart  has  been  the  difficulty 
of  properly  oxygenating  the  nutrient  blood.  Oehrwall  ^  has  shown 
that  even  the  batrachian  heart  contracts  much  more  powerfully  when 
surrounded  with  pure  oxygen.  Since  the  publication  of  Oehrwall's 
paper  many  plans  for  the  use  of  oxygen  in  the  isolation  of  the  warm- 
blooded heart  have  been  tried  by  the  present  writer  without  avail. 
In  every  instance  the  mechanical  difficulties  of  keeping  considerable 
quantities  of  blood  thoroughly  oxygenated  have  been  too  great. 
Not  until  the  discovery  that  the  mammalian  heart  would  beat  with  a 
blood-supply  much  less  than  is  ordinarily  thought  to  be  essential,'-* 
and  the  further  discovery  that  this  relatively  small  quantity  may  be 
effectively  supplied  to  the  heart  muscle  through  the  veins  of  Thebe- 
sius  and  the  coronary  veins  ®  did  the  problem  seem  once  more  prac- 
ticable. On  returning  to  the  attack,  I  determined  to  feed  the  heart 
through  these  veins  in  an  atmosphere  of  oxygen,  and,  if  this  were 
not  enough,  to  increase  the  oxygen  pressure,  in  the  hope  of  thereby 
facilitating  oxidation  in  the  manner  taught  by  Haldane.* 

The  following  experiment  was  accordingly  performed. 

May  2,  1898.  A  cat  was  bled  and  the  blood  defibrinated  and  filtered 
through  glass  wool.  Cannulas  were  tied  into  the  right  auricular  appendix, 
the  pulmonary  artery,  and  the  aorta.  The  cannula  in  the  right  auricular  ap- 
pendix led  through  a  Williams  valve  to  a  small  reservoir  of  blood.  The 
pulmonary  and  aortic  cannulas  were  each  connected  with  glass  tubes  which 
rose  to  a  short  distance  above  the  blood-reservoir  and  then  turned  to  dis- 
charge their  contents  into  the  reservoir  itself.  All  the  heart  vessels  except 
the  two  arteries  mentioned  were  ligated.  The  arrangement  therefore  was 
closely  similar  to  that  of  the  frog's  heart  in  a  Williams  apparatus.  The  heart 
with  its  several  tubes  was  now  placed  in  a  strong  glass  cylinder  immersed  in 
warm  water.     The  top  of  the  cylinder  was  provided  with  a  stout  brass  cap 

1  Oehrwall:  Archiv  fiir  Physiologic,  1893,  Suppl.  Bd.,  p.  40. 

^  Magrath  and  Kennedy:  Journal  of  experimental  medicine,  1897,  ii,  p.  13. 

8  Pratt:  This  journal,  1898,  i,  p.  Zd. 

*  Haldane  :  Journal  of  physiology,  1895,  xviii,  p.  211. 
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perforated  by  two  tubes.  One  was  a  T-tube  the  side  branch  of  which  led  to 
a  large  metal  cylinder  containing  oxygen  under  high  pressure,  while  the  other 
branch  was  provided  with  a  stop-cock  opening  into  the  atmospheric  air. 
The  second  tube  led  to  a  pressure  gauge.  So  soon  as  the  oxygen  pressure 
began  to  rise,  the  heart,  which  had  ceased  to  beat,  began  to  contract  with 
great  vigor.  Surrounding  the  heart  with  oxygen  even  at  the  pressure  of  the 
atmosphere  was  distinctly  helpful,  but  the  contractions  became  decidedly 
stronger  and  more  frequent  as  the  oxygen  pressure  rose.  A  pressure  of 
about  two  atmospheres  was  that  ordinarily  employed,  but  as  high  as  four 
atmospheres  was  occasionally  tried.  The  blood  coursed  from  the  reservoir 
into  the  right  side  of  the  heart.  Each  beat  of  the  right  ventricle  drove  blood 
in  a  stream  through  the  tube  in  the  pulmonary  artery  back  into  the  reservoir. 
The  Williams  valve  prevented  regurgitation  from  the  right  heart.  The  heart 
muscle  was  nourished  through  the  veins  of  Thebesius  and  the  coronary  veins. 
A  small  quantity  of  blood  found  its  way  through  foramina  Thebesii  into  the 
left  auricle  and  ventricle,  whence  it  was  pumped  by  the  latter  out  through 
the  aorta.  The  vigorous  beating  of  the  heart  continued  from  early  in  the 
morning  until  late  in  the  afternoon,  when  the  experiment  was  broken  off. 
The  contractions  were  vigorous  also  at  room  temperature. 

Two  conclusions  may  be  drawn  from  this  experiment :  — 

(i)  An  atmosphere  of  oxygen  is  of  advantage  in  maintaining  the 
contractions  of  the  isolated  mammalian  heart. 

(2)  A  heart  fed  simply  through  the  veins  of  Thebesius  and  the 
coronary  veins  will  maintain  strong,  rhythmic  contractions  for  many 
hours  if  supplied  with  oxygen  at  high  tension. 

The  first  thought  suggested  by  these  statements  is  whether  the 
mammalian  heart,  like  the  frog's  heart,  will  beat  when  fed  on  serum 
alone,  provided  that  a  sufficient  supply  of  oxygen  is  furnished.  The 
experiment  was  accordingly  repeated  on  other  hearts,  but  the  blood 
was  replaced  by  serum  obtained  by  centrifugalizing  defibrinated 
blood.  As  was  expected,  the  absence  of  corpuscles  was  readily 
borne  by  the  heart.  Continued  rhythmic  contractions  were  obtained 
with  the  serum  alone,  so  soon  as  the  oxygen  tension  rose  to  about 
two  atmospheres. 

It  follows  that  the  mammalian  heart  fed  through  the  vessels  of 
Thebesius  and  the  coronary  veins  with  blood-serum  alone  will  main- 
tain rhythmical  contractions  for  hours  when  surrounded  by  oxygen  at 
high  tension. 

The  ease  with  which  this  remarkable  result  was  obtained  encour- 
aged the  hope  that  even  isolated  pieces  of  the  ventricle  would  beat  if 
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fed  with  serum  through  a  branch  of  the  coronary  artery.  It  was  a 
priori  almost  certain  that  this  would  be  the  case,  were  the  piece  of 
ventricle  supplied  with  serum  at  the  normal  blood-pressure.  But  to 
force  serum  through  a  coronary  artery  at  the  normal  pressure 
requires  a  pressure-apparatus  difficult  of  control  in  an  extrinsic 
pressure  of  two  atmospheres.  Even  were  this  difficulty  overcome, 
the  rate  of  flow  through  a  piece  of  ventricle  fed  at  fairly  high  pressure 
is  rapid  and  a  large  volume  of  serum  would  be  required.  Now,  a 
sufficiently  large  volume  of  serum  cannot  be  obtained  from  a  single 
animal,  and  it  is  somewhat  disadvantageous  to  use  the  blood  of  other 
animals,  even  of  the  same  species.  It  seemed  best,  then,  to  attempt 
perfusion  at  a  very  low  arterial  pressure,  trusting  that  even  this  slight 
driving  force  would  carry  serum  enough  through  the  capillaries  to 
produce  and  maintain  contractions.  The  complete  success  of  this 
undertaking  is  shown  in  the  following  experiment. 

June  77,  i8g8.  A  cat,  anaesthetized  with  ether,  was  bled  from  the  left 
carotid  artery,  the  blood  defibrinated,  diluted  one-half  with  0.8  per  cent 
NaCl  solution,  and  the  serum  separated  in  a  centrifugal  machine.  An  hour 
after  the  heart  had  ceased  to  beat  it  was  removed  from  the  chest,  a  cannula 
tied  into  the  ramus  descendens  of  the  left  coronary  artery,  and  the  part  of  the 
ventricle  supplied  by  this  branch  cut  away.  The  cannula  was  joined  to  a 
vessel  containing  50  c.c.  of  the  cat's  serum,  and  placed  in  a  glass  cylinder 
connected  with  an  oxygen  reservoir.  The  height  of  the  column  of  serum 
above  the  piece  of  ventricle  was  about  25  centimetres.  The  flow  was  approxi- 
mately at  the  rate  of  one  drop  per  second.  The  temperature  was  that  of  the 
room,  about  25^0.  The  oxygen  pressure  was  now  raised  to  nearly  two 
atmospheres.  In  a  very  few  minutes  the  piece  of  ventricle  began  to  beat 
with  regularity  and  force,  and  these  strong  and  rhythmical  contractions  con- 
tinued so  long  as  the  supply  of  serum  was  kept  up.  When  the  serum  ceased 
to  pass,  the  ventricle  ceased  to  beat.i 

This  experiment  permits  the  further  conclusion  that  even  isolated 
portions  of  the  mammalian  ventricle  supplied  through  their  mitricnt 
arteries  with  a  small  quantity  of  serum  at  very  low  pressure  will  main- 
tain rhythmical y  long-continued^  forceful  contractions  when  surrounded 
by  oxygen  at  high  tension. 

^  Similar  results  have  been  since  attained  with  the  isolated  apex  of  the  dog's 
heart. 


INDEX   TO   VOL.    I. 


ABSORPTION,  intestinal,  411. 
Activity,   daily,   methods   of  record- 
ing, 40. 

,  variations  produced  by  alcohol^  baro- 
metric changes,  and  diet,  40. 

Albro,  Alice  H.  See  Chittenden,  R.  H., 
and  Alice  H.  Albro,  307. 

Albumose,  excretion  by  kidneys,  274. 

,  physiological  action,  266. 

Alcohol,  effect  on  distemper,  xv. 

,  effect  on  voluntary  muscular  power  in 

fatigue,  XV. 

,  effect  on  young  dogs,  xv. 

Alcoholic  beverages,  influence  on  digestion, 
184. 

American  Physiological  Society,  Proceed- 
ings, iii. 

Amylolytic  power  of  saliva,  variations,  iii. 

Anaesthesia,  by  ether  in  rectum,  viii. 

Aorta,  blood  currents  in,  xiv. 

Attention,  determination  of  a  constant  of, 
283. 


BANCROFT,   F.   W.    The  venomotor 
nerves  of  the  hind  limb,  477. 
Barrows,  F.  W.    The  effect  of  inanition 

on  the  structure  of  nerve  cells,  xiv. 
Bile,  chemical  reaction,  317. 
,  influence  on   pancreatic   proteolysis, 

307- 
Biological  problems  of  to-day,  xv. 

Blood-pressure,  influenced  by  albumose  and 
peptone,  275. 

Borax,  its  influence  on  nutrition,  i. 

Boric  acid,  its  influence  on  nutrition,  i. 

Brain-circulation,  influenced  by  high  arterial 
pressures,  57. 

Brown,  E.  W.  Notes  on  Cetraria  islan- 
dica  {Iceland  moss) f  455. 

BuDGETT,  S.  p.  On  the  similarity  of  struc- 
tural changes  produced  by  lack  of  oxygen 
and  certain  poisons,  210. 


CALCIUM  SALTS,  solubility,  423. 
Cane-sugar,  inversion  in  stomach,  277. 

Cannon,  W.  B.  See  Moser  and  Cannon, 
xii. 

Cannon,  W.  B.  The  movements  of  the 
stomach,  studied  by  means  of  the  Rontgen 
rays,  359,  xiii. 

Cannon,  W.  B.,  and  A.  Moser.  The 
movements  of  the  food  in  the  oesopha- 
gus, 435. 

Cardiopneumatic  movements,  117. 

Cathartics,  411. 

Cetraria  islandica  (Iceland  moss)^  455. 

Chittenden,  R.  H.  Variations  in  the 
amylolytic  power  of  saliva  and  their  rela- 
tion to  the  chemical  composition  of  the 
secretion,  iii. 

Chittenden,  R.  H.,  and  Alice  H.  Albro. 
The  influence  of  bile  and  bile  salts  on 
pancreatic  proteolysis,  307. 

Chitfenden,  R.  H.,  and  W.  J.  Gies.  The 
influence  of  borax  and  boric  acid  upon 
nutrition,  with  special  reference  to  proteid 
metabolism,  I. 

Chittenden,  R.  H.,  L.  B.  Mendei-,  and 
H.  C.  Jackson.  A  further  study  of  the 
influence  of  alcohol  and  alcoholic  drinks 
upon  digestion,  with  special  reference  to 
secretion,  164. 

Chittenden,  R.  H.,  L.  B.  Mendel,  and 
H.  E.  McDermott.  Papain-proteolysis, 
with  some  observations  on  the  physio- 
logical action  of  the   products  formed, 

255- 
Chittenden,  R.  H.,  and  A.  N.  Richards. 

Variations  in  the  amylolytic  power  and 

chemical   composition  of  human  mixed 

saliva,  461. 

Clark,  G.  P.  On  certain  characteristics 
of  the  pressure  sensations  of  the  human 
skin,  346,  xi. 

C leghorn,  a.  The  reinforcement  of  vol- 
untary muscular  contractions,  336. 


520 


Index. 


Coagulation  of  blood  influenced  by  albu- 

mose  and  peptone,  269. 
Color  vision,  xv. 
Contraction,  static,  methods  of  determining, 

284. 
Coronary  circulation,  volume  of,  method  of 

recording,  215. 
Coronary  pulse-wave.  152. 
Coronary  veins,  nourish  the  heart,  86. 
Coronary   vessels   compressed    in    systole, 

145. 
Cunningham,  R.  II.    The  restoration  of 

coordinated   volitional    movement    after 

nerve  "crossing,"  239. 

CusHNV,  A.  R.    See  Wallace  and  Cush- 

NY,  411. 


"pvEGLUTITION,  435,  xii. 

^^    ,  studied  with  Rontgen  rays,  435, 

xii. 
Distemper,  affected  by  alcohol,  xv. 
Depressor-nerve  in  guinea-pig,  393. 
Development,  affected  by  alcohol,  xv. 
Diabetes,  395. 
Digestion  by  papain,  255. 
Digestion,  influenced  by  alcohol,  164. 
Digestion  of  cane-sugar,  277. 
Dynamograph,  284. 


EAR,  function  in  flshes,  128. 
Electrodynamometer,  106. 
Ether-anaesthesia  by  the  rectum,  viii. 


FATIGUE,  affected  by  alcohol,  xv. 
Fatty  degeneration,  metabolism  in,  v. 
Ferris,  S.  J.,  and  G.  Lusk.    The  gastric 
inversion  of  cane-sugar  by  hydrochloric 
acid,  277. 
Fibrillary  contractions  of  heart,  71,  99. 
Friction-machine,  294. 
Fungi,  composition  and  nutritive  value,  225. 


GALVANOMETER,  Rowland,  106. 
Gastric  cannula,  191. 
GiES,  J.     See  Ciiiitenden  and  Giks,  i. 
Greene,  C.  W.    On  the  relation  between 
the  external  stimulus  applied  to  a  nerve 
and  the  resulting  nerve  impulse  as  meas- 
ured by  the  action  current,  104. 
Guinea-pig,  cardiac  nerves  in,  383. 


HALLOCK,  W.  (with  F.  S.  Muckey). 
The  action  of  the  larynx  in  the  pro- 
duction of  voice,  vi. 
Harrington,  D.  W.    Contributions  to  the 

physiology  of  the  cardiac  nerves  in  the 

guinea-pig,  383. 
Heart,  conduction  of  excitation  wave,  502. 

,  contraction  interval,  493. 

,  force,  497. 

,  distention  influences  intramural  flow,^ 

215. 

,  fibrillary  contractions,  71. 

,  frequency,  500. 

,  influenced  by  vagus  nerve,  486. 

,  intramural   circulation   increased   by 

systole,  157. 
,  mammalian,  method  of  isolating,  93, 

215,  511. 

,  nerves  in  guinea-pig,  383. 

,  nutrition  through  vessels  of  Thebcsius 

and  coronary  veins,  86,  516. 
,  oxygen  at  high  tension  replaces  red 

corpuscles,  516. 
Hodge,  C.  F.     Influence  of  alcohol  upon 

voluntary  muscular  power  in  conditions 

of  fatigue,  xv. 
.     Influence  of  alcohol  upon  the  young 

in  dogs,  and  upon  the  severity  of  an  at- 
tack of  distemper,  xv. 
Howell,  W.  H.    The  influence  of  high 

arterial    pressures   upon   the   blood-flow 

through  the  brain,  57. 
Hyde,  Ida  H.    The  effect  of  distention  of 

the  ventricle  on  the  flow  of  blood  through 

the  walls  of  the  heart,  215. 
Hydrochloric  acid  inverts  cane-sugar,  277. 


ICELAND  moss,  455. 
Inanition,  effect  on  nerve  cells,  xiv. 
Intestinal  absorption,  411. 


JACKSON,  H.   C.     See  Chittenden, 
Mendel,  and  Jackson,  164. 


K 


YNURENIC  acid,  excretion  of,  XV. 


T    ARYNX.  action  in  voice-production,  vi. 
•^     Lateral  line  in  fishes,  function,  128. 
Lee,  F.  S.    The  functions  of  the  ear  and 

the  lateral  line  in  fishes,  128. 
Lichenin,  456. 


Index. 


521 


LoEB,  J.  The  biological  problems  of  to- 
day :  physiology,  xv. 

Lung,  redistention  after  collapse,  ix. 

LusK,  G.    See  Ferris  and  Lusk,  277. 

.    See  Reilly,  Nolan,  and  Lusk,  395. 

.  On  metabolism  in  fatty  degenera- 
tion, V. 


MATHEWS,  A.  A  contribution  to  the 
chemistry  of  cytological  staining,  445. 

McDermott,  H.  E.  See  Chittenden, 
Mendel,  and  McDermott,  255. 

Meltzer,  S.  J.  A  new  pleural  cannula  in 
sitUf  XV. 

.    A  simple  method  for  the  redistention 

of  the  collapsed  lung,  ix. 

.     Ether-ansesthesia  by  the  rectum,  viii. 

.    On  the  nature  of  the  cardiopneumatic 

movements,  117. 

Mendel,  L.  B.  See  Chittenden,  Men- 
del, and  Jackson,  164. 

.    See    CHirrENDEN,    Mendel,    and 

McDermott,  255. 

.     Some  experiments  on  the  excretion 

of  kynurenic  acid,  xv. 

.  The  chemical  composition  and  nu- 
tritive value  of  some  edible  American 
fungi,  225. 

Mental  activity,  measurement  through  mus- 
cular activity,  283. 

Metabolism,  in  fasting  animals,  395. 

,  in  fatty  degeneration,  v. 

,  in  phlorhizin  diabetes,  395. 

MosER,  A.     See  Cannon  and  Moser,  435. 

Moser,  a.,  and  W.  B.  Cannon.  The 
movement  of  food  in  deglutition,  xii. 

MiTCKEY,  F.  S.  See  IIallock  and  Muc- 
KKV,  vi. 

Muscle,  active  relaxation,  343. 

Muscular  contractions,  reinforcement,  336. 

Muscular  power,  affected  by  alcohol,  xv. 

Mushrooms,  composition  and  nutritive 
value,  225. 

Muskens.  L.  J.  J.  An  analysis  of  the  ac- 
tion of  the  vagus  nerve  on  the  heart,  486. 


"Mf  ERVE  cells,  affected  by  inanition,  xiv. 

•^^  Nerve-crossing,  restoration  of  move- 
ment after,  239. 

Nerve  impulse,  relation  to  external  stimu- 
lus, 104. 

Nerves  of  veins,  477. 

Nolan,  F.  W.  See  Reilly,  Nolan,  and 
Lusk,  395. 


/T:7S0PHAGUS,  movements  of  food  in, 

^-^    435 

Oxygen,  lack  of,  causes  changes  in  protozoa, 

210. 


PANCREATIC    proteolysis,   influenced 
by  bile  and  bile  salts,  307. 
Papain-proteolysis,  255. 
Patten,  W.    A  basis  for  a  theory  of  color 

vision,  XV. 
Peptone,  physiological  action,  266. 

,  excretion,  274. 

Phlorhizin  diabetes,  395. 

Pleural  cannula,  xv. 

Porter,  W.  T.    A   new  method  for  the 

study  of  the  isolated  mammalian  heart, 

511. 
.    New  experiments  on  the  mammalian 

heart,  xiv. 
.     The  influence  of  the  heart-beat  on 

the  flow  of  blood  through  the  walls  of  the 

heart,  145. 
.    The  recovery  of  the  heart  from  fi- 
brillary contractions,  71. 
Pratt,  F.  H.    The  nutrition  of  the  heart 

through  the  vessels  of  Thebesius  and  the 

coronary  veins,  86. 
Pressure  sensations  of  human  skin,  346,  xi. 
Proceedings  of  the  American  Physiological 

Society,  iii. 
Proteid,  its  constitution,  409. 
Proteid   metabolism,   influenced   by   borax 

and  boric  acid,  i. 
Proteolysis,  influenced  by  bile,  307. 
Protozoa,   structure   changed   by   lack    of 

oxygen  and  by  certain  poisons,  210. 
Pulse,  irregularities  explained,  508. 


T3  ECTUM,  anaesthesia  by  ether,  viii. 
•*-^     Reinforcement  of  voluntary  muscular 

contractions,  336. 
Reilly,  F.  H.,  F.  W.  Nolan,  and  G.  Lusk. 

Phlorhizin  diabetes  in  dogs,  395 
Richards,  A.  N.    See  CnrrrENDKN  and 

Richards,  461. 


O  ALIVA,  amylolytic  power,  461,  iii. 

,  chemical  reaction,  463. 

,  composition,  461,  iii. 
secretion,  influenced  by  alcohol,  164. 
,  submaxillary  of  dog,  composition,  166. 
,  variations  in  amylolytic  power,  461,  iii. 


22 


Index. 


Salivary  digestion  in  stomach,  379. 

Skin,  pressure  >cnsations.  346,  xi. 

Staining,  chemistry  of^  445. 

Sl».w\ki,  C  C  Variations  in  dailv  activ- 
ity  produced  by  alcohol  and  by  changes 
in  Ijarometric  pres!*ure  and  diet^  with  a 
description  of  recording  methods,  40. 

Stomach,  abi»^jrption  of  alcohol  from.  205. 

.  anatomy  in  cat,  3O4- 

,  digestion  of  cane-sugar.  277. 

,  duration  of  digestion,  202. 

,  inhibited  b)-  emotions,  3S0. 

mo\'ement5,  339,  xiii. 

,  reaction  of  contents,  37S. 

,  salivary  digestion  in,  379. 

Strontium  elimination,  83. 

Sugar  production,  402. 


THEBES  I  US,  vessels  of,  anatomy.  87. 
Torcular  pulse,  6S. 


!    \^  AG  US-NERVE  in  guir.ea-p:g.  3S4. 
I      '       .  influence  on  hear:.  4S6. 

.  method  of  stimulating.  4». 

Vasomotor  nerves.     Sec  Venomoror. 

Veins,  nerves  of.  477. 
j   Veins  of  Thebesius.  anatomy,  Nf. 

,   ,  nouri>h  the  heart.  S6.  516. 

.    Venomotor  nerves  of  hind  limb,  477. 
•    Ventricle,  distention  check>  ilow  of  blood 
through  walls  of  heart.  215. 

Voice  production.  \'i. 

Vomiting.  373. 


\1  WALLACE,  G.  R.  and  A.  R.  CiSHXY. 
*  *       On  intestinal  absorption  and  the  sa- 
line cathartics.  411. 
Welch,  Jf-annetfe  C.    (^»nihe  measure- 
ment of  mental  activity  through  muscular 
activity*,  and  the  determination  of  a  con- 
stant of  attention,  283. 
Wool*,  H.  C.  Jr.     Notes  on  the  elimina- 
tion of  strontium,  S3. 


1. 


1 


